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SUMMARY 

The  United  States  Air  Force  had  encountered  difficulties  involving 
the  avallnbility , quality,  and  format  of  air  weapon  system  design  data  re- 
quired for  the  acquisition  of  simulators.  In  view  of  the  increasing  impor- 
tance of  modern  digital  computer-driven  flight  simulators  in  providing  the 
required  training,  both  for  Initial  qualification  and  for  the  maintenance  of 
readiness,  it  was  determined  that  an  up-to-date  standard  to  identify  the  data 
required  by  simulator  manufacturers  was  needed.  This  standard  would  then  be 
Included  in  the  development  and  acquisition  contracts  for  future  weapon  sys- 
tems to  provide  for  the  timely  supply  of  the  requisite  data. 

Systems  Research  Laboratories,  Inc.  was  selected  to  perform  a study 
of  the  simulator  data  requirements,  resolve  any  difficulties  incident  to  the 
timely  supply  of  that  data,  and  prepare  a General  Requirement  for  the  acquisi- 
tion of  that  data  in  future  contracts.  The  study  was  conducted  by  surveying 
simulator  manufacturers  and  simulator  acquisition  activities  to  determine  the 
problems  and  requirements,  then  surveying  aircraft,  avionic  systems,  and 
engine  manufacturers  to  determine  data  availability,  problems  in  satisfying 
the  requirements,  and  suggestions  for  alternate  approaches. 

As  a result  of  this  study,  a proposed  General  Requirement  was  pre-  1 

1 

pared  which  could  be  included  in  future  weapon  system  procurement  contracts  1 

I 

to  provide  for  the  timely  supply  of  the  data  required  for  simulator  develop-  i 

ment.  In  addition  to  this  "Data  Specification,"  certain  other  actions  are  i 

required  to  make  the  system  work.  | 

1.  Order  the  data  when  the  aircraft  is  ordered. 

2.  Pl.ue  simulator  data  at  a high  enough  preccd.nire  ti  -T,,are 

compliame.  i 

1 

3.  Make  certain  that  simuiator  data  requirements  are  Included  In 
the  procurement  contracts  for  GFE  items. 


' » .IIIIMMWlllill! 


4.  Have  simulator  data  delivered  to  the  Government. 


5.  Have  an  Initial  data  package  based  on  the  best  data  available, 
probably  wind  tunnel,  bench  test,  and  engine  test-stand  supported  estimations, 
delivered  after  the  aircraft  design  freeze  and  before  announcing  the  simulator 
development  competition. 

6.  Have  the  Initial  data  package  updated  at  specific  block  In- 
tervals until  all  data  Is  based  on  flight  test  results  or  equivalent  "hot 
bench"  data. 


7.  Task  the  Air  Force  Flight  Test  Center  to  make  engineering  simula- 
tions of  each  new  aircraft  development  program  and  to  derive  the  handling 
qualities  and  performance  parameters  from  flight  test  data  for  the  use  of 

the  simulator  manufacturer.  Make  this  an  early  item  in  the  flight  test  program 
so  that  the  simulator  can  be  in  operation  at  the  operational  command  in  time 
to  support  the  receipt  of  the  first  aircraft. 

8.  Task  AFFTC  to  supply  a qualified  test  pilot  current  In  type 
and  a flight  test  engineer  to  assist  In  the  simulator  development  from  the 
Initial  contract  award  through  acceptance  testing. 

Other  recommendations  for  further  studies  to  resolve  certain  simu- 
lation technical  problems  and  to  reduce  the  cost  of  simulators  are  Included 
In  the  report. 


SIXTION  1 
INTRODUCTION 


1 . liACKCROUND 

The  Aeronautical  Systems  Division,  Air  Force  Systems  Command,  United 
States  Air  Force,  Wright-Patterson  AFB,  Ohio,  recognized  problem  areas  in 
the  acquisition  of  data  required  by  aircraft  simulator  manufacturers  for 
development  of  simulators  having  high  fidelity  of  duplication  of  the  perform- 
ance of  the  weapon  system.  The  need  to  establish  sound  business  arrangements 
between  the  aircraft  manufacturer,  simulator  manufacturer,  and  Air  Force 
for  the  acquisition  and  transfer  of  data  was  apparent. 

The  rising  procurement  and  operational  costs  of  modern  air  weapon  systems 
combined  with  a need  to  conserve  fuel  and  to  extend  the  service  life  span  and 
inventory  level  of  high  performance  combat  aircraft  dictate  a requirement  to 
perform  mpre  and  more  of  the  training  necessary  to  attain  and  maintain  combat 
efficiency  in  simulators.  This  will  not  only  create  requirements  for  a 
greater  number  of  simulators  but  more  importantly,  it  will  require  a great 
many  more  full  mission  simulators.  The ‘requirement  for  timely  and  accurate 
data, is  therefore  escalating  rapidly.  ^ . T 

t 

The  current  practice  is  to  either  make  the  simulator  a separate  procure- 
ment with  each  simulator  manufacturer  making  his  own  arrangements  to  obtain 
the  data  he  needs  or  to  make  the  simulator  a line  item  of  the  weapon  system 
prime  contract,  thereby  making  the  prime  contractor  responsible  for  the 
necessary  data  as  well  as  the  simulator.  Neither  of  these  approaches  has 
proven  to  be  entiiely  satisfactory.  One  approach  resulted  in  encountering 
difficulties  involving  data  availability,  quality,  format  and  timely  delivery 
to  the  simulator  manufacturer  since  there  is  no  standard  list  of  the  data  to 
be  procured  or  its  format.  Also,  the  data  is  not  ordered  until  after  the 
aircraft  prime  contractor  is  well  into  the  development  program,  which  accoin 
for  extra  costs  as  well  as  lack  of  av.ai Labi lltv . The  other  approach  places 
the  Government  simulator  experts  "out  of  the  loop"  and  in  a position  of 
reduced  visibility  of  the  simulator  development  and  in  a secondary  position 


t«gaT^irRg  the  eoploymeat  of  assets  In  order  to  effect  a titnely  delivery  of 
the  simulator  I 


In  the  fell  of  19 7S  the  Aeronautical  Systems  Division t Deputy  for 
Development  Planning,  announced  an  Intention  to  contraet  for  4 atudy  of  the 
aircraft  simulator  requirements  and  data  acquisition  areas.  A subsequent 
competition  resulted  in  award  of  a contract  entitled  "Aircraft  Simulator 
Da fea -Requlr emen.ta_. Sjtudy " __t o_  Sy a t ems  Research  laboratories,  Inc.  (SRL)  of 
Dayton,  Ohio.  The  study  was  commenced  on  1 May  1976  with  complervlcn  ot  air^^  ~ 
items  required  by  30  January  1977.  The  stated  objective  of  the  study  was  to 
improve  the  process  of  acquiring  data  required  for  aircraft  simulators 
through  the  identification  of  problem  areas  in  data  acquisition  and  definition 
of  standard  data  requirements  through  preparation  of  a proposed  General 
Standard.  MIL-D-23143  (Wep),  "Data,  Technical  Aircraft;  for  the  Design  of 
Aviation  Training  Devices,"  was  to  be  used  as  a guide  for  the  preparation 
of  the  new  standard. 

2.  METHODOLOGY 


The  study  was  divided  into  three  parts.  Part  1 consisted  of  those 
efforts  necessary  to  determine  the  requirements  for  data  through  reviews  of 
currei\t  specifications,  meetings  with  simulator  acquisition  agencies,  and 
through  interviews  with  a selected  list  of  simulator  manufacturers.  Part  II 
consisted  of  those  efforts  necessary  to  determine  the  availability  of  data 
through  interviews  with  airci  ifc  manufacturers  and  Government  Air  Weapon 
System  test  activities.  Part  Til  consisted  of  an  analysis  and  reconcillia- 
tion  of  the  data  requested  versus  the  data  available,  a resolution  of 
problems,  and  preparation  of  the  recommended  standard.  It  also  Included 
oreoaratioii  of  a final  technical  renoi * and  presentation  material  In  addition 
to  the  proposed  General  Standard. 

It  was  recoenized  from  the  beginning  that  good  cooperation  bv  the 
companies  to  be  Interviewed  was  essential  to  tlie  success  of  this  studv.  As 
a step  to  help  achieve  that  cooperation,  the  Aeronautical  Systems  Division 
Sent  letters  to  a prospective  list  of  aircraft  .ind  simulator  manutaciurt  r s 


before  the  d«ta  etudv  request  for  proposal  was  Issued,  explaining  the 
obiactlvas  of  the  study,  stating  that  contractors  who  nuinufacture  either 
aircraft  or  aircraft  siaulators  would  not  be  permitted  to  perform  the  study 
sad  requesting  that  the  companies  voluntarily  cooperate  with  the  study  on  a 
non-reimbursamant  basis.  After  the  contract  was  awarded,  all  simulator 
manufacturers  who  had  responded  to  the  ASD  letter  offering  to  cooperate  in 
the  study  were  Invited  to  a kick-off  meeting  at  SRL  on  21  May.  The  purpose 
of  the  meeting  was  to  explain  what  was  planned,  to  solicit  suggestions 
relative  to  the  study  approach,  and  to  again  point  out  the  importance  of 
cooperation.  Representatives  from  the  Aeronautical  Systems  Division's 
Deputy  for  Development  Planning,  Simulator  System  Program  Office,  and  Deputy 
for  Engineering,  Flight  Simulator  and  Trainer  Branches,  from  the  U.S.  Naval 
Training  Equipment  Center  and  from  the  Air  Force  Human  Resources  Laboratory 
attended,  as  well  as  representatives  of  the  various  simulator  manufacturers 
listed  in  Table  1 below. 

TABUS  1 

SIMUUTOR  UAHUfACnnSRS  SELECTED 

AAI  Corporation 
Goodyear  Aerospace  Corporation 
Crusaan  Aerospace  Corporation 
McDonnell  Douglas  Electronic  Company 
Singer-Simulation  Products  Division 


The  proposed  approach  consisting  of  submission  of  a questionnaire  to  be 
follotrad  in  a short  clow  by  the  SRL  interview  team  was  acceptable  with  no 
changes  requested  and  was  ia^lemontad  in  the  study. 

The  status  desired  for  the  General  Standard  was  discussed.  Specifically, 
the  applicability  of  the  standard  as  to  type  of  aircraft  and  whether  or  not 
it  was  to  be  a tri-service  document.  The  decision  wss  reached  that  this 
study  was  to  address  fixed  wing,  horlsontal  takeoff,  turbojet,  turbofan,  or 
turboprop  powered  landplanes  only.  It  would  not  address  helicopters,  seaplsnes, 
and  VTOL.  It  was  decided  that  these  could  be  handled  better  by  separate 
staadards  rather  Chao  by  one  voluminous  standard  chat  applied  to  everything. 


3 


It  was  also  directed  that  the  study  directly  address  the  Air  Force  problem. 
If  coordination  with  other  services  were  desired  it  would  be  taken  care  of 
by  the  Air  Force  subsequent  to  this  study.  Whether  to  estinate  a future 
simulator  technology  or  base  the  study  or  current  technology  and  performance 
requirements  was  discussed.  It  was  determined  that  the  study  would  address 
current  simulator  specifications.  The  Investigation  was  conducted  based  on 
these  clarifications  of  the  ground  rules. 


IjliCTlUN  il 
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J.l  S IMtH.Al'OK  MAMII-'ACi'rKKKS  Sl.KVKY 

Tho  si‘ loot  iiMi  of  simulator  manu' aoturors  to  lie  ititerv  iowoii  w.is  matlo 
ba.  eU  on  tno  responses  to  tlie  ASD  letter  of  November  197^,  additional 
comments  received  at  tlte  kick-off  meet  inn.  and  the  need  to  cover  the  companies 
witn  Air  Force  simulator  experience  covering  the  spectrum  of  similar  tvpes 
from  full  mission  to  part  task  trainers.  Based  on  tliese  criteria,  a proposeo 
list  of  simuiator  manuf acturers  was  recommended.  This  list,  the  companies 
listed  in  Table  I,  was  approved  bv  the  Air  Force  for  mplerointat ion. 

A proposed  questionnaire  was  prepared  and  coordinated  with  the  Air  Forie 
Pro^ram  Monitor  following  which  it  was  mailed  to  the  companies  previously 
listed.  ihe  forwaruinj;  letter  requested  that  the  questionnaires  be  completed 
and  held  for  discussion  with  the  interview  team  when  they  visited  the  plant 
in  about  two  weeks.  A copy  of  this  questionnaire  is  attached  as  Appendix  A. 

All  companies  listed  were  visited  bv  tite  interview  team  during  the  simulator 
manufacturer's  survey  except  Grumman.  Due  to  the  complete  involvement  of  the 
key  people  in  proposal  activity,  Grumman  could  not  accommodate  the  survev 
during  the  period  scheduled  for  it.  Arrangements  were  made  to  review  their 
simulator  requirements  when  Grumman  was  visited  as  part  of  the  aircraft 
manufacturers  survey. 

At  till-  conclusion  of  ti>e  planned  interviews,  a review  ot  the  answers 
received  Uisclosed  gooil  .igreement  as  to  the  data  ri'quired  througli  a repiai- 
tiun  of  answers.  It  was  therefore  decided  tluit  .iddilional  simulator  manu- 
f.icturer  interviews  were  not  retjuired  -is  part  of  the  requirements  determination 
process . 
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A.  Ai.rrrii’  Ui'-uTat  Roqu  i remonl  s 

Af  !'f^  I ; I'n.-  survt*v  will  ht-  d i scussi'i!  as  Roneral  coiT'nien  t s and 

o;:ur.t";‘.  ; ')”  sjHf  i ! if  sirnula'.or  -m'- svs  * i-rs  in  s'.i’Si-(!;u-:i!  p.iraur  aiihs . 

Hif  ma'oritv  o;  sirmilator  dovi- 1 oppiont  pr<'!>!ems  iiavt*  their  origin  In 
tlie  uat.i  pai  ka>*i'  siip;> i i-ii  an<!  in  the  s;>*-e  i ! icat  ion . 'n  some  cases  thi-  forma* 
ai;d  a'l-xoat  ion  o’  ’.In  daio  paikam  is  siuh  .is  * i'  m.ike  the  data  inappropriate 
air  '.ise  on  a.  simulator,  lor  example  .-.tiik  ;i>rce  data,  'Without  the  lorrespi'",’ i 
I’.ross  wi'ino,  a:u;  eenier  o!  ^raviiv.  in  other  .asi  s the  t idelitv  i t hi-  nii'''’ 

■ •,  ii.i^  ' ■ ■ ' •"M'ed  lo-  -wiiiil  tunnel  iiiri-,'ed  d.il.i  do  not  represei.t  ’ ’u'  real 
a.fplai'.e  lo  ill'  aacura.  v fequiiei;  hv  the  -.imulalor  si'eeit  i<at  ion  and  i 11/  it 
test  dal. I i no*  .ivailah.e  to  the  siim-l.itor  man-.it  act  urer  until  the  start  of 
acceptanee  leslii'n  a-'il  even  then  it  generally  is  supplied  piore-nea’. 

Althourh  the  examples  are  concerned  with  handling  qualities,  the  so-irec  of 
the  xreilest  number  of  complaints  in  the  past,  trie  other  weapon  system  suh- 
s'.’stems  liave  iniil.ir  irohlems  as  do  part  task  trainers  in  general. 

,\ ! i r«.' spondees  were  in  agreement  on  the  point  that  in  general  the 
data  lilies  exist  to  detai'ed  level  requi*'ed  once  one  is  ahie  to  sit  rl'vn 

and  t.'.lf  to  the  vi>;)it  man  in  the  aircraft  tor  avionics  or  engine)  (■■-’'traitor' 
■nj;inei  rim  oi-par  ”-ient  . It  wo-ild  yenerallc  enlv  he  estimated  data  hnt  is 
a'h'j'ia’e  I'-r  -inilerstanii -'nn  tlie  i lUi  j .u  i tons  of  tin'  various  systems  hence  '.he 
wav  ti’e  mat  hem.it  i ea  I ruiiii  I must  !'e  eonst  r ue  lei! . I'liis  has  heen  pnner. 
lepiaiedl',’  V "-a’l.ic.emi-nt  permits  t lie  direct  eiip.ineer  to  enRini-i-r  intirt.iii 
as  looorte.'  hv  evi't  V ri'spomiei- . 

A'.'  ' i-  simulator  manuf  act  un-rs  pointi-il  out  that  the  attitude  of  tlie 
ma-ia-itome-i  t of  i fie  we.ipon  system  pri'ne  is  essential  to  success  in  ohtaininy.  a 
y,o<ul  daf.i  r.ine.  in  sevi-r.i!  c.eses  the  WS  manaftemi-nt  has  providee  the  i-  ime- 
1-:  the  eny. ' peers  wlio  iiave  tlie  hac’.' v;round  knowledne  o!  the  deve  i opm- nt  of 

' '-e  v-irieu.-.  port  ions  of  tfu-  weapon  system  di-sign  and  have  encuur.tp;e(l  diri-i  t 
(•nyini-er  t - •■'iituieer  interlace.  T'lese  liave  .a' I heen  successful.  .Most  of 
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tile  simulaLor  manuf act  urt-r^i  stated  that  the  flow  of  information  Is  must  less 
restrained  when  the  WS  prime  does  not  have  a close  knit  corporate  relation- 
ship to  a simulator  manufacturer  and  the  simulator  contractor  is  similarly 
divorced  from  corporate  tic:,  to  aircraft  manufacturers. 

As  examples  of  >>ood  I’ooperat ion , there  were  three  simulators  studied 
where  the  simulator  contractor  supplied  a well  qualified  simulator  engineer 
on-site  in  the  v/eapon  system  contractor's  engineering  department  to  assist 
in  pulling  together  the  data  package.  Tliese  men  were  given  free  access  to 
all  engineers.  In  all  three  cases  the  data  packages  were  complete,  supplied 
on  time,  and  to  the  level  of  accuracy  available  to  the  aircraft  manufacturers. 
The  follow  up  inquiries  were  well  organized  and  generall^  quite  fruitful. 

Two  of  the  simulators,  involving  different  manufacturers  in  each  case,  were 
built  on  schedule  and  went  through  acceptance  testing  with  a minimum  of 
confusion.  In  the  third  case,  the  simulator  manu.'acturer  received  a complete 
data  package  on  time.  This  was  a total  package  procurement  with  the  simulator 
procured  through  the  prime  contractor,  however,  the  simulator  data  require- 
ment dates  were  well  ahead  of  the  design  freeze  dates  on  the  airplane,  hence 
nur.ierous,  time  consuming  and  costly  changes  had  to  be  made  to  the  simulator. 
This  was  a procurement  scheduling  rather  than  a data  problem. 

In  contrast,  there  ;irc  a few  cases,  including  cases  involving  supply 
of  the  simulator  as  part  of  the  WS  prime  contract,  in  which  the  simulator 
manufacturer  has  been  prohibited  from  talking  to  anyone  except  his  program 
monitor  in  the  prime  organization.  In  most  cases  these  are  procurement 
people,  in  one  case  a person  in  the  AGE  group,  who  do  not  understand  the 
data  problem  and  are  not  motivated  to  solve  it.  These  situations  lie  ;ii  the 
bottom  of  the  worst  examples  of  simulator  programs  that  were  discovered 
during  this  study  effort. 

In  several  cases  Lhe  simulator  manufacturer  has  been  supplied  with  an 
exper leni:ed  pilot  to  attempt  to  get  tlie  simulator  to  fly  like  ilie  airi>iane 
in  the  absence  ol  a good  data  package.  This  has  hei“n  successfully  accomp 1 i sneu 
wiien  the  projeit  pilot  supplied  is  ;in  e.xperienced  test  pilot  ami  wheri'  lie  h.m 
access  to  the  aircraft  being  simulated  so  that  he  can  alternate  actual  flight 
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with  simulator  testinj;.  The  ability  to  continue  to  fly  the  actual  aircraft 
regularly  is  essential  to  the  maintenance  of  an  adequate  comparison  base  and 
frum  time  to  time  to  investigate  a particular  phenomenon.  This  procedure 
has  been  attempted  utilizing  pilots  who  have  not  been  trained  to  nerform  test 
work.  The  results  have  not  been  satisfactory. 

The  main  drawback  of  this  approach  is  that  the  simulator  manufacturer 
may  not  learn  of  fairly  significant  problems  until  quite  late  in  the  program, 
a very  expensive  situation.  In  addition,  it  ties  up  a tast  pilot,  an  airplane, 
a simulator  and  a simulator  design  team  for  an  extended  period  of  time,  which 
is  also  very  expensive.  Unless  great  care  is  exercised,  the  adjustments  to 
orrect  current  problems  may  mask  serious  simulator  problems  that  will  emerge 
in  later  use  of  the  simulator. 

It  was  imlversally  agreed  v.hat  a good  data  specification,  if  enforced, 
would  go  a long  way  towards  solving  the  problems.  Enforcement,  "clout,"  waa 
repeatedly  pointed  out  to  be  essential.  In  this  regard  the  Government  pro- 
curement activities  are  in  the  best  position  to  apply  any  pressures  necessary 
'.0  achieve  a s.it isfactory  solution  of  any  data  problems.  It  was  also  stated 
to  be  prefer  b!e  for  the  Government  to  obtain  the  data  and  then  deliver  it  to 
t!ie  simulator  manufacturer,  leing  a subcontractor  to  the  WS  prime  I'lim.pietoly 
deprives  the  simulator  manufacturer  of  "clout"  to  obtain  data  and  other  serv- 
ices ' hey  might  require.  Because  of  tills  the  simulator  manufacture’,  s , witii 
one  exceptioi,  staled  a preference  to  l>e  direct  contractors  to  tiie  Governrient 
ami  not  suhc'nt rac 1 ors  to  the  weapon  system  prime.  The  one  exception  is  a WS 
prime  contra  tor  who  also  is  a simulator  ci’ntructor. 

It  was  determined  beyond  question  that  the  situation  can  be  improved 
va^tl  / S',  in  'ladinv,  a proper  simul.ator  data  specification  in  aircraft  pritrii 
■'ntru  ts  .and  l■n‘’orcinv;  timelv  ci'mpllaii''e  with  it. 

In  t!ie  iresent  situation  eacli  simulator  manufacturer  mus’  make  h;s  own 
arrangements  for  obla.ining  an  '<iequate  data  package.  Just  how  thor''Ugli  and 
rU  urate  this  P.iek.igi'  must  be  1 ene-e  its  cost  is  ne>t  known  until  acceptanee 
tes'ing.  As  a result,  the'  simulator  proposal  must  cont.'in  a cost  fivpire 
w'l'h''  is  '■  ’'I’st  .-ly.  cst  ' 'T'ali' . 'or  example,  in  a re-cent  prc'c-uremeeit  'he  '.s'S 
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ir.anulat:Luror  was  quotin>4  one  raiilioii  i.iul.irs  U)r 
Inclusion  of  such  a data  cost  would  have  i<iaicd 
poor  competitive  position  heiue  In-  must  estimate 
and  trust  tliat  he  can  obtain  a good  eiiougl)  data 
f igure. 
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Nearly  everyone  was  empitatic  in  tiieir  statements  tuat  litis  was  not  .■ 
good  business  relationsitip.  One  man  (not  a cvtmpunyi  wanted  the  situation  to 
continue  on  the  grounds  tliat  he  felt  that  his  personal  contacts  were  better 
titan  anyone  else's  Itence  iie  had  a competitive  edg>‘  in  Lite  present  situation. 

What  the  simulator  manufacturers  would  like  is  lor  the  I'.overnmiutt  to 
collect  the  data  package  in  one  place.  When  an  RFP  is  contemplated  announce 
the  fact  and  send  all  manufacturers  who  <)u.iliiv  for  the  k:i'  a list  o:  ii.e  d.it.. 
collected  and  an  invitation  to  review  the  data  package.  Have  tne  compel  it  ton 
based  on  that  data  package,  which  will  be  delivered  to  the  winning  contractor, 
and  have  all  simulator  specifications  referenced  to  that  data  baseline.  Of 
course  provisions  will  have  to  be  made  for  updating  this  data  package  at 
intervals,  preferably  not  more  than  two,  while  the  simulator  is  being 
develop’d. 

All  parties  pointed  out  that  regardless  )f  how  perfect  the  spec i t icai Lon 
and  resulting  data  package  may  bo  it  would  still  be  necessary  to  have 
consultation  with  the  engineers  wlio  prep.ired  the  data  in  order  to  understand 
the  package  well  enovigh  to  develop  a simulator  from  it.  t’.onsu  flat  ion  mav 
also  prove  to  be  fruitful  as  the  simulator  design  begins  t.  firm  up.  This 
was  desired  to  be  attained  as  an  individual  problem  since  the  capabilities  of 
the  various  simulator  manufacturers  differ  hence  the  amount  of  consviltat ion 
each  may  require  in  order  to  understand  and  employ  a given  data  package  is 
different.  Such  differences  in  capability  are  proper  sound  business 
competitive  factors  and  would  receive  recognition  in  costing  (as  opposed  to 
personal  contacts  for  back  door  information). 

The  simulator  manufacturers  would  also  like  to  have  a pro)e<l  pilot 
(test  pilot)  and  project  crewmembers  designated  early  in  the  program  ti) 
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Sov»‘r.»i  prob  i i-m.s  b.ivi-  ari.-^cu  i;>  t lu-  past  wlii'ro  1 lir  aita-rafl  mamifart  uri'r 
bill  not  tu'liovo  that  t ti«‘  simulator  manul  art  ur»‘r  luasioil  ilata  to  t ho  dotal  1 
Uo  lonviosti'd  hobvo  was  vorv  roluotant  ti>  snnplv  it.  In  almost  ovorv  oaso  tl>o 
simulator  manut  aoluri-r  was  ta‘<iuosi  iu>;  t iuo  >>rain  dotal  1 in  ordor  to  obtain 
lidolity  in  simulation  ot  mallunotions.  This  is  boing  approached  by  making 
mathematical  models  ot  each  subsystem  then  combining  thorn  in  u system  model, 
failures  or  degradation  ot  pert'ornance  ot'  any  subsystem  can  then  be  duplicated 
and  the  result  on  system  portormance  determined  with  gooa  fidelity.  This  is 
an  expensive  approach  which  is  required  to  meet  a literal  Interpretation  of 
current  requirements.  It  requires  an  excessive  a.'iount  of  expensive  data  and 
resuits  in  a tremendous  aiiiount  of  unusable  capability.  For  example,  one 
simulator  manufacturer  estimated  that  it  would  take  a full  year  ot  two  sliitts, 
seven  days  a week  operation  of  one  of  his  .aircraft  simulators  just  to  run 
through  all  of  the  tailures  itis  simulator  could  duplicate.  It  is  apparent 
that  considerable  savings  could  be  realized  in  this  area  by  only  simulating 
a few  of  the  most  important  failures  (e.g.,  2S)  and  implementing  the  pilot's 
cues  ot  these  impending  failures,  abnormal  operation  or  failures,  from  the 
Instructors  station. 

All  manufacturers  consider  that  the  instructor’s  stations  is  the  real 
key  to  the  training  system.  It  can  be  simplified  in  most  cases,  and  be  made 
in  modular  form  with  the  majority  of  the  modules  standardized,  which  would 
result  in  a considerable  reduction  in  acquisition  i-osl  and  a far  greater 
reduction  in  life  cycle  costs,  including  instructor  training.  Instructor 
station  decisions  are  dictated  by  the  training  objectives  and  mtist  lead  any 
simulator  design. 

Tlu'  various  companies  estimated  reductions  in  the  uctpiisition  cost  of 
simulators  thaf  c»nild  be  real  ized  by  specifying  tlu>  high  fidelity  of  replica- 
tion of  handling  character Lst ics  and  mission  equipment  over  only  that  portion 
of  the  total  flight  envelope  tliat  is  important  to  success  of  the  mission 
instead  of  the  entire  envelope,  and  by  allowing  the  same  spread  of  accuracy 
of  the  parameters  in  the  simulator  tliat  would  be  encountered  in  a production 
lot  of  aircraft.  Savings  can  also  he  realized  by  providing  incipient  and 
actual  malfunctions  cues  under  instructor  control  and  only  for  the  limited 
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number  of  malfunctions  for  which  the  pilot  can  and  should  take  remedial  action 
in  flight,  and  by  standardizing  maior  portions  of  Instructor  stations  and 
associated  interfaces.  The  estimated  savings  range  from  15  percent  for  the 
flight  envelope  only  to  40  percent  for  the  entire  package. 

B . Avionics  and  Display  System  Discussion 

All  the  general  problems  discussed  for  the  aircraft  portion  of  the  simu- 
lators also  apply  to  the  avionics  and  display  subsystems.  In  addition  tliese 
subsystems  have  some  unique  problems. 

The  newer  weapon  systems,  represented  by  the  F-16  and  DATS,  have  onboard 
computers  which  operate  as  a central  processing  station  for  many  displays  and 
operational  equipments.  These  systems  present  vastly  different  demands  than 
older  of^'-llne  computer  systems  such  as  the  A-7D.  The  sensors  make  Inputs  to 
the  central  computer  (processor)  which  performs  the  preprogrammed  or  commanded 
operations  on  this  data  and  generates  the  data  that  will  appear  on  the  pilot's 
display.  Target  acquisition,  navigation,  F.CM,  aircraft  performance  and  similar 
subsystems  all  make  inputs  to  the  computer  .and  accept  commands  only  from  it. 

The  outputs  are  displays  of  prioritized  targets,  aimpoints,  steering  orders, 
weapon  launch  computations,  threat  evaluations,  present  position,  etc.  Tlie  wavs 
cite  inputs  aio  manipulated  to  determine  certain  outputs  are  controlled  hv  tacti- 
cal tapes.  To  date  each  tape  has  taken  about  one  year  to  prepare  ai'.c.  debug  and 
they  are  issued  on  a frequency  of  greater  than  one  per  year.  If  the  simulator 
manufacturer  does  not  use  these  tapes  directly,  including  automatic  translation, 
it  will  probably  take  hie*  about  one  year  after  a tactical  tape  is  issued  to 
transpose  the  information  to  his  tape  and  debug  it.  Since  automatic  translation 
efforts  are  reported  to  be  unsuccessful  and  not  likely  to  be  useable,  the  simu- 
lator will  never  be  able  to  be  representative  of  the  tactical  aircraft, and  the 
process  is  e.-tremely  expensive.  It  was  ur.animouslv  stated  that  simulators  must 
be  able  to  use  tactical  flight  tapes  with  minor  editing  to  delete  unneoeso.arv 
routines . 

A straightforward  solution  would  be  to  utilize  the  onboard  computer  in 
the  simulator,  or  utilize  a non-flight  qualified  maoliine  wliii-l\  oould  use  t!\c 
iactio.il  tapes,  T'he  first  situation  results  in  expiaisivo  liariiwaro  and  si'mo 
comput.it  ii'ua  1 speed  prel'lcms  wiiicli  can  he  overeome  l.v  s i m" .U  o»  design.  The 
second  approacli  presents  tiu'  Air  Force  witii  .i  limited  number  c!  spoci.il  svstcr”.s 
to  support,  tiiereby  creating  .a  logistic  problem  wtiich  could  provi-  to  bo  fa' 
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th«^  a,>,iroai':i  ti<  t'u‘  .In-  -.i=itu>ttk>r  ^.in.kt  at  t ur«-r 

would  Uit*n  havv  lo  detertaim-  att-ans  i>i  : anti  Iona:  Iv  siaulat*  nensors  anu  otiit-r 
oumputvr  input  soaroos  so  tnai  the  j>ro,H  r ->t iaulat  ions  oan  :>»•  prtfseniw:  to  tn* 
oontrol  proctfssor.  Tiiore  is  a nooti  ;>ossibii  it-,  for  -ocB«>n.il  :t v .n  too  sons»>r 
functional  siaulations  due  to  cite  Air  Force  proftrefi  to  •tandi^rdise  sen»or  out- 
put interfaces. 

The  newer  weapon  systems  have  spe..  iai  sensors  to  Uetect  inrcats. 
Preparation  os  nathenat  ical  aoUuls  to  syn.tiesi'e  ih -se  sensv>rs  re«,uire-. 
access  to  intel  I ijtence  level  data.  Th:s  presents  a . learan.  e prt>hlea  w':;ic:. 
v-.in  So  solved.  The  resicual  problei*  of  wnt  re  to  to  >;et  :.>»•  required  data 
and  how  to  extract  the  data  once  t tie  pr  per  repository  »s  luentii.eC  i.>  -i 
difticult  probicc.  The  vario  .N  aitenctes  that  collect  the  required  data  ea.  a 
have  their  i>wn  repository  and  documentation  awthod.  Sinc»-  there  is  n.>  »>nt 
central  ager  y that  colie  ts  all  the  required  uaia  and  since  the  uala  detail 
is  see  ario  dependent  (even  for  the  saax>  tnreats)  tne  problem  is  indeed 
formidable . 

i'he  first  step  .s  Icent  i : icat  ion  >>:  tne  •i>urves  or  data  w;.;cr.  is  a 
(.overnnent  respv-.-.sin  i I i tv . 'H'.e  K.lting  tile  tn.it  XS.-V  us»*d  t»>  maintain  was  .i 

good  start.  it  shooLa  be  expar.d*»c  dow?'  to  : ue  .evx-»  i-i  ..  nana  , org.m i /..u  ion 
and  phone  numbei  for  eaci'i  type  oi  data.  Preier.iblv  i tu.  u.ita  wiiulc  he  piil'.i-c 
togeiiier  bv  a single  i.cin  or  source  :or  f tie  (.overnmeni  uoi-  wouid  alsi»  be 
responslole  tor  sorting,  resolving  contii.ts,  <i  . to  gen«.raik'  a data  pavxagv 
the  l.overnment  w.li  "i.ay -oi  t . i'hi-.  :aust  he  a.i  ouip  1 i sitei;  !>v  t Ue  si~ul.,ior 
design  baseline,  two  t lour  Tot  tiis  at t«T  contract  award.  i'  this  is  not 
done  tile  expand'cu  silting  iile  woiiUi  bi-  reijuired  bv  tiie  simulator  rminui  a>  t ur»' r 
witii  the  boverur eiu  acquisition  activilv  utilizing  everv  opportuniiv  to 
expedite  tile  necessary  clearances.  It  is  expected  th.il  certain  data,  lor 
example  antenna  scan  patterns,  will  not  be  in  the  data  bank.  In  siu  h a case 
tilt-  (iovernir.enl  will  eitiier  iuive  to  obtain  lac  data  or  accept  the  contractor’s 
best  escimaLo. 

In  these  ivpes  of  systems  the  ir.iining  information  must  often  be 
extracted  from  quite  sabtle  changes  in  visual  or  aural  presentations.  Not 
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r-..imi;  .11  tu’.'i.  rs  tor  viiiou.s  roa.'^ons,  ^tonoral  1 v 00ns  i iliTod  to  >>o  oausij  bv 
b ropr  i i-ttirv  con.s  i de-rat  ions . 

n.  Data  Koq^ui  r<.'ments_Sob^diil  e 

It  is  univorsally  re.ooRii  i;-,od  t h.at  dnt.a  t<>  ttit-  aocuracv  fina'lv  reciniri-' 
would  not  normally  ho  avail.ablo  whon  the-  simulator  dovelopmont  oon’rai  t wao 
awarded.  Working  to  data  in  the  proper  format  bvit  possibly  ot  lessor 
acouraoy,  tor  oxamplo  wind  tunnel  d.ata  instoad  01  flipju  test  data,  i;. 
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In  rv<iuiri-u.  .\11  a:  t:iis  s'nou.a  i>v  tii.*  ofsi  jai.«  .ivailabU-  wnu-n  is  ass.»sj.'w 
li'  Df  os  l i '.Ti.ll  ovi  aala  rmt  ■>'xt  vori;  ivJ  nv  tost  .iata.  Hv  r'Drt,  tjonlns  .\.-\i . , a 
I'linploto  aata  paokaKo  oonsi  : iti>;  a:  ovorvtnia,;  rotjavst.ai  ir.  t tu  uata 
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.'scinatoU  aata  wliioii  n.i.s  p;onoral.'>  ;io'or.  rovis.'.i  t»'  r%'!  io>  i tno  rosa.ts  a;  t:,.' 
'wiiul  mnnoi  and  .siciiiar  iovol  svstocs  losis.  Tiiv  a.»optano.-  lost  proooai.r. 
snomd  bo  writton  ti"*  roi  lo.'t  tais  aata  pa.'iiapto  «in.;  tao  npa.ito-s  .i;  it  ro.'.* 

;'v  i i)K,  17  niontbs  AKO.  At  I'nis  i imo  tho  .VH’  s.uml.i  ;>o  approvoa,  liio  aata 
pa.  say.o  trozon  and  tho  simulator  built  and  tostod  aoiordinifiv.  .Mtiioiu:..  : .a 
data  packaiio  was  trozon  at  (d)K  it  i.s  still  possiblo  to  .noorporato  liio  r.sk.its 
v)t  :liKhl  test  on  handlin>;  qualities  anu  pertorroanoo  durin>;  tiio  aoni  ra.  tor ' s 
•■valuation  period  whio'n  is  intendod  as  a dobu)tKib^  and  trlmnunit  period  to 
make  tho  simulator  moot  tho  spec  i t ioat  ion.  i)urin>;  this  period  tiio  assisian.-i 
ot  a qualitieu  L<.st  pil.’t  .iitu  .i  tll^tht  test  oc.itin.or  who  are  t.imiiar  \.;Li, 
tiio  sub.ject  aircratt  would  be  invaluable.  Tho*v  v-an  quicklv  assist  in  dolor- 
mining not  only  what  is  wrong  but  also  probablv  w'oy  it  i.s  wrong  and  wnori' 
corrections  should  bo  made.  .At  t lie  end  of  this  po'riod  the  ti>rm;il  .icieplance 
testing  will  be  initiated,  -lb  months  ARO,  to  verifv  by  flying  a previouslv 
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/urc  1^.  Requested  Schedule  for  a Part  Task  Flight  Trainer  - Simple  Aircraft 


■ i|)p  rovi’il  icsii  i)r<Ki-iluri‘  (All*)  lli.il  tin-  s iinu  I .ii  or  iliios  in  tact  saiisly  il. 
spec  i 1 i cat  ion  and  is  suiLabli-  lor  service  use. 

A lonn  span  is  siiown  tor  operat«)r  training.  It  is  not  intended  that 
operator  training  would  extend  full  time  over  that  period  rather  that 
operators  (and  maintenance  personnel)  would  be  trained  and  utilized  as  part 
of  ATP  and  other  operations  from  time  to  time  during  tiiat  span  of  time. 

Not  all  flight  trainers  are  full  mission  trainers.  Some  will  concentrate 
on  only  a portion  of  the  mission  (for  example  instrument  flight)  which  will 
result  in  a greatly  simplified  trainer  since  only  the  systems  used  for  that 
portion  of  the  mission  need  be  simulated  accurately.  Some  latitude  could 
also  be  given  in  the  amount  of  the  flight  envelope  to  be  accurately  simulated 
without  any  reduction  in  the  accuracy  required  over  the  portions  of  interest. 

A trainer  of  this  type  would  have  a development  schedule  typified  by  Figure  2. 
The  data  packages  are  as  previously  described  for  the  full  mission  simulator, 
however,  only  those  systems  to  be  simulated  need  to  be  covered.  The  data 
package  is  therefore  smaller  and  required  on  a tighter  schedule  as  shown  with 
the  initial  package,  three  months  ARO,  the  complete  package  at  seven  months 
and  the  final  package  at  12  months  with  actual  aircraft  test  data  being 
incorporated  between  the  18th  and  20th  months.  Although  the  data  package  is 
less  voluminous  the  reduced  schedule  will  in  many  instances  make  this  more 
demanding  than  the  schedule  shown  in  Figure  1. 

The  last  trainer  data  schedule  presented  is  for  a part  task  trainer  for 
electronic  warfare.  Figure  3. 

A clear  statement  of  the  training  objective  and  general  information  on 
kinds,  type,  number,  displays  and  controls,  crew  station  layout  and  tactical 
doctrine  is  required  well  before  the  RFP.  These  data  are  required  in  order 
to  "size"  the  task.  These  data  must  be  augmented  if  necessary  and  approved 
at  a contract  kick-off  meeting  immediately  after  award.  The  accumulation  of 
data  is  a continuous  process  from  then  until  CDR,  seven  months  ARO.  By  PDR 
the  threats  (number,  type  disposition),  tlie  approacli  to  simulating  tile  threat, 
the  approach  to  the  equipments  (simulati-  or  use  actual  equipment)  and  a 


19 


complete  layout  t'l  the  crew  station  will  '’ave  been  completed,  three  months 
AHO.  rile  iinal  I'.aia  packa>'e  will  liave  to  he  received  and  approved  hv  CDR. 

Tills  involves  many  decisions  ha*----.!  on  judgment  for  which  an  experience  "user 
1‘xpert"  assigned  to  the  program  team  would  be  invaluable.  For  some  (.■quipment.s 
this  d.ita  pack.a)j;e  sl.ould  contain  aural  and  video  recordings  of  tiie  equipment 
in  operation  it  tlu'  eiuipmenl  is  in  servii-e. 

During  t lie  contractor's  evaluation  phase  the  effects  of  anomalies, 
unusu.il  responses,  etc.  will  be  incorporated  into  tlie  simulation  (st  imul.at  ion ) 
in  order  to  make  the  simulator  c.apable  of  realistic  training  of  a mission 
capable  EWO. 

E . A''.cei.t.tnce  Test  Procedure 

The  acceptance  test  procedure  is  nerhaps  the  most  important  single 
document  In  the  entire  simulator  data  regime.  It  is  the  document  wl-.ich 
governs  the  activity  which  determines  whether  or  not  the  simulator  is 
satisfattorv  for  delivery.  For  the  contractor  it  determines  final  payments 
on  the  contiact;  for  the  procuring  activity  it  determines  whetlier  or  not 
they  will  li.ive  <i  satisfied  user  command. 

A great  many  problems  have  centered  around  the  ATP  in  , he  past.  In 
general  these  are  caused  by  writing  the  ATP  around  a data  packag'  that  i« 
diifereiit  from  the  one  tiiiit  has  been  approved  .as  the  basis  for  tlie  desinn 
the  simulator.  !Tie  slmul.ator  is  then  tested  to  this  later  data.  V.'hether  or 
not  liie  simulator  passes  these  tests  is  a measure  oi'  how  .accurately  the 
apnroved  data  package  represented  the  real  air  weapon  system  and  not  of  liov 
accurately  tlie  '.'ontractor  h.as  duplicated  a system  renresented  by  the  d.ita 
package.  The  simulator  contractor  shi'ulu  not  hi'  considcri'd  a p.utv  i the 
creation  o:  the  data  pack.agc,  even  lliough  he  had  to  procure  it  from  f ’'c 

weapon  svsiem  prime  contractor,  sini’c  he  was  constrained  to  procure  what  thi- 
prime  li.ul  lUi'pari'd  (recorded,  ete.)  on  .inother  (lovernmeiu  coiitr.ic!  ."id  no' 
to  conduct  tests,  ete.  to  ascertain  the  v.a  1 i d i t v o!  tli.it  d.ita  or  to  proioie 
■ inv  needed  add  i I i ('ii.i  I d.lt.i.  It  w.is  un.atii  i nous  1 v stated  tii.it  cli.i':gc.-.  w'' i i h 
result  1 roiii  lest  i iig  to  later  data  or  Iron  clan. a",  so'  ii  .r.  "or  .iic/  cliar 


tiling"  shniiUl  bf  at  (ItjViTiiricnt  fxi>i-nsi-.  'liiiTf  appears  to  i>o  no  advan l .ip.o  ol 
tiiL-  prysoni  system  wliLili  in  etti-ii  says  “iniild  a sinmlalor  to  a ‘.ata  l>asi'lim- 
but  it’  tin*  acceptance  test  team  di>es  not  like — cbanne  it." 

Better  business  re lat ionsltips  would  result  by  requiring  tliat  t tie  ATI’  be 
prepared  to  retlect  tne  data  package  supplied,  tliat  the  tolerances  specified 
be  the  same  as  allowed  for  a production  lot  of  aircraft  and  tliat  the  simulator 
test  procedure  b>  flown  exactly  according  to  tlie  test  procedure.  This  will 
establish  whetner  or  not  tile  simulator  contractor  lias  fulfilled  the  terms  of 
the  co..trict  and  will  verify  the  performance  of  the  simulator  to  the  math  model 
based  on  the  auproved  data  package.  All  the  changes  resulting  from  this 
qualitative  evaluation  would  be  "within  s»aipe"  ch.anges.  The  other  portion  of 
the  procedure  is  to  validate  the  data  package  (math  model)  to  the  aircraft. 

This  is  the  portion  that  has  not  been  performed  in  a timely  fa.shion  in  the 
past.  The  greatest  difficulty  has  arisen  from  the  lack  of  flight  test  data 
in  time  to  incorporate  it  into  the  simulator.  (The  simulator  manufacturers 
state  that  often  the  first  time  they  see  any  flight  test  data  is  during 
acceptance  testing.)  It  is  considered  that  changes  resulting  from  an 
incorrect  data  package  are  "out  of  scope"  changes  or  at  least  quest ionabie. 

By  mixing  both  portions  of  the  procedure  into  one  acceptance  test  activity  is 
patently  undesirable. 


If  enough  emphasis  is  placed  on  obtaining  the  required  aerodynamic. 


flight  control,  weight  and  balance,  and  iner  data  early  in  tite  flight  test 
program  it  would  be  possible  to  have  this  daj...,  including  flight  measured 
derivati'  ,.s,  to  the  simulator  manufacturer  in  time  to  use  it  in  the  contractor's 
evaluation  program.  Unless  the  original  data  package  were  grossly  in  error 
it  is  doubted  if  incorporation  of  this  data  into  the  simulator  at  this  time 
wouitl  resiiJt  in  additional  costs  to  the  program.  With  the  changes  incorporated 
to  bring  the  data  package  to  the  aircraft  it  is  now  possible  to  conduit  a 
torinal  acceptance  test  wiiich  is  lor  trie  purpose  of  verifying  that  the  simulator 
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' cr  so*"!  '(Msi'r  it  is  not  j.ossihlt>  to  iipd.it  o t'lf  data  p.irkap.f  to 
rt*'  ’oi'.  • 1;  tost  or  i‘i(u ! v,i ont  ,s  ;tom  d.ita  '>v  tia-  st.'irt  of  oontrai  tor 

doio.'^’i:  i n ..  ' on  wi'idil  ''O  ativan  t as  to  >»o  ltirou(^,h  the  ATP  based  on  t!ie 
spooi'ini  r 1.  k.i'i.  sololv  ;i;id  •ipd.a'o  ' i-  the  airiTat't  at  .i  later  time.  In 

no  ■-.I'^o  s r'a  •■.0,1  or’.'-  'u*  mixed  into  a sin^l.-  ‘'orm.a’  evaluation  ner'od. 


i.  'UIA  ki.iJT  I KKMi'N  ''p 


A. 


hut.!  '’rei  odeiu  i- 
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is  ! eeonn  i xed  th.it  a!'  the  data  required  will  jtenerallv  not  all  he 
av.iilauie  I'  t’u  moo  t .lOiurati-  version  ;it  the  t iru-  the  initi.il  data  paokaRe 
is  foi;  ,'r-,o..  ■'■.'Vision  -mst  tlion-tore  be  madi  tor  updating  the  initial  d;tta. 
pack .iv.e  its  ..it  I '...  od  t)u  m.ori  .’ii  ourati'  oouroes  heoone  available.  The  various 
data  s.'tii  ■ e'.  ou  w',iii.:i  t'u-  simula'^or  oatii  packages  oould  be  based  are  listed 
below  in  uroer  oi  <.'es i rab i 1.  i ' \ . 

Ai' voaynar.i  (iiandlinK  itualities  and  Performanoe ) 

! . ' It  I ' 1 est  s 

'.si  " unite  I ''ests 
i.  '!  iu  otet  i I'ii  I '"'st  imat  ion 
\ ' ■'i  r.'i*  t Svs!  ems 


WeivihL,  Balance  and  Inertia 

1.  Tests  f)f  Actual  Aircraft 

2.  Tlicoretical  Kstimations 

Crew  stations 

1.  formally  released  drawings  supplemented  by  pbotograpljs  of 
actual  aircraft 

2.  Preliminary  drawings  supplemented  by  photographs  of  mock  ups 
or  illustrations 

Ground  Operations 

1.  Taxi  Tests 

2.  Component  Tests 

3.  Theoretical  Estimations 

Although  the  simulator  design  can  get  started  with  data  of  lower 
precedence  it  must  have  all  data  items  based  on  precedence  one  sources. 
Trainers  would  only  need  that  portion  of  the  data  applicable  to  the  part 
task  they  address  from  precedence  one  and  can  use  data  from  lower  precedence 
sources  in  other  areas. 

B.  Aerodynamic  Data 

This  data  is  desired  in  the  form  of  derivatives  for  the  standard 
handling  qualities  and  curves  for  the  various  performance  parameters.  It  is 
very  important  to  have  an  understanding  of  the  deviation  of  the  data  that 
would  be  anticipated  in  a reasonably  large  lot  of  production  aircraft  so 
that  the  curves  can  be  made  into  bands  and  the  inevitable  compromises 
necessary  in  the  simulator's  math  model  be  made  with  the  guidance  of  staying 
within  that  realistic  spread  of  data. 

C . Aircraft  Systems  - Ison-Avionics 

The  data  for  these  systems  should  initially  consist  of  an  engineering 
description  of  each  system  which  will  define  the  system,  how  it  works,  and 
the  performance  specifications.  This  will  suffice  for  planning  the  approach 
to  simulation  and  the  initial  efforts  on  the  program.  Before  designing  the 
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simul  .It  i''n 


,1  fimc  t iv'n.i  ’ 'I'cnk  dianram  as  well  as  schematics  and  wiring  diagr.ii'is 


diagrams,  ct.  . wii’  he  required.  It  is  essentia!  that  the  trnns'er  I'uncti'ai 
for  each  block  as  well  as  the  end  to  end  system  he  given  so  that  the  system 
dynamics  can  he  determined.  All  Instrument  or  indicator  readings  tor  normal 
and  abnormal  operations  should  he  provided. 

D . A V Ion i c s S v s I ems 

'he  s.i';-'  dat.i  is  requ  i t'l’d  1 1'l  avii'nii's  systems  as  tor  t’le  aircr.it  t 
sys'ens  p'ur  t'.u'si-  .u'll  i t ion.il  items. 

Systems  ti'-.i;  presicu  iit '‘ormat  ioii  in  the  t orm  oi  dis]>l.ays  or  .iiiiiio 
signal--  : ! ■ ri-w’:',ei:i!n:  ' s ’u’ad-.i-i  r«.-<)uire  that  these  p resent  at  i oin  even  t -,i.i ! 1 ■ 

ni-  vidi.'o  ane  auJ  - o ri-i-iu'd  i ngs . 


i 


i* 


Some  new  aircra't  iuive  avitmic  .and  other  mission  equipment  ii'ti  grated 
litrougii  a n.-ntral  liigital  eompuier  oi  computer  complex  hence  linve  unique 
probLenl^i  si'-oe  the  computer  software  determines  how  the  system  responds  to 
various  -^li•  u. ' t , ' u-  lotiiputer  ts  i-rogramtaed  !>v  ioadira’,  ta-.’.  K.tl  lc  It 

is  es'ieiuia'  'h.i'  conu)  1 et  <.■  dotai's  oi'  the  eettira!  eomputer,  its  pr  ramming 
and  tai  t ic.a'  tat'e  lo;'! '.etit  he  undi-rslooil  hv  the  siruilator  maitufai-tui  ■ 


E • !’ r o_£a_l s i o tt  _S v s tern 

(1)  Tifbojet  .ukI  lurhotan  I'.uginos 

It  is  di-:ired  to  lie  able  to  prepare  m.ath  models  ot  the  v.arious  subscst 
o!  the  prop  lisi.in  system  as  well  .is  .a  system  mode!  to  hriiig  a’'  o:  ' 'le  su:-- 

■sv'.teas  to)-, ether  .as  .a  propulsion  system.  Kngine  in.st-il’ed  perform.ance  d.-'t.! 
consist  :'ig  tiit.ist,  t ue ' flow,  i ns  1 1 ument  ri-aoitigs,  eti  . lei  ,-Lc...v  it. 
condition^  .it  incremonls  ot  altit'ide  itiroughout  the  i-ntire  eiivelo;'e  oi  the 
aircrait  is  lequiri-d  as  well  .is  iniermat  ion  .i.  to  lu-w  to  lo  ti  , t t'  is  d.ata 
lor  nons  t and. U'll  coiut  i t i om. . i)vna’i:ie  pet  ; ormanei.' , rrnpour.e  • i-  odd.,  -i  iie-.vi  i 
level  iiiovei  ii-nl , .uce  U-r.it  ion  time  histoiies,  deee  ! iT.a  t t on  tir-i-  i ..  t er  i ,s  , 
w i luli'i  i I I ! ny,  rpm  v-;  dvii.imi.-  iie.i.i,  ..ir  t.i.iits  .me,  .’,r--u'.Ki  ..t.iri  , ,ii,  • i • . 

■e  ''i-'  ; le  lie',  i-'ii'i  .■i-n  ■■  • ■u'r,-'  . 


‘TT'.S 


I'lif  momonl  di  im-rtia  ui  iiu-  i-o:npr«.‘ssor  abmii  its  axis  of  rotation  is 
liosired.  i)fsc  r ipt  ions  oi  tin-  indications  oi  ttio  most  lik*-ly  mal  tunc  t ions , 
the  proper  corrective  action,  t'ne  respt>nse  t»>  i-orrective  action  and  the 
consequences  ot  a iailure  to  take  timely  corrective  action  are  required. 

(2)  Turboprop  Engines 

In  general  tlte  engine  data  required  is  the  same  as  for  a tvtrboiet  except 
tnat  the  simulatioit  lias  been  made  more  difficult  by  the  .addition  of  a reduction 
gear,  propeller,  a propeller  governing  and  feathering  system. 

A complete  description  of  tlte  propeller,  blade,  activity  factor,  governor 
and  featitering  system  is  required.  Tlte  rate  of  change  of  propeller  blade 
angle  when  under  normal  governor  control  and  during  feathering  is  required. 

The  windmilling  rpm  vs  blade  angle  vs  dynamic  head  vs  time  for  various  blade 
. le  settings  is  required. 

A vital  function  is  the  time  delay  of  the  automatic  and  back  up  feathering 
systems  and  the  build  in  drag  during  this  period  as  well  as  any  control  or 
other  siiriace  blanking  effects. 

F.  k’eigitt,  balance  and  Inertia 

Tite  Weight  and  tdree  first  movements  .tnd  six  second  moments  of  the  ^mplv 
•tircr-’it  and  all  items  capable  of  being  loaded,  consumed,  moved  or  dropped 
in  flight  are  required. 

C . Miix  imc.m  _Va  l_u_e  s 

Ine  maximum  v.alues  of  acceler.nl  ion,  speed,  altitude  and  otlu*r  performanci- 
items  is  requireu  in  lanular  ii>rm  :>>r  use  in  sc.nling  t'nese  factors  in  the 
computer . 


4. 


SU>UMAkV  OF  PROBLEM  AREAS  - SIMULATOR  MANUFACTURER ' S VIEWPOINT 


Tht!  major  prohlein  revolves  around  the  laek  of  correlation  between  wiial 
the  data  provided  defines  as  the  aircraft,  the  actual  aircraft  and  the  attempt 
to  marrv  t!u‘  two  in  the  acceptance  testini;  process. 

I'lu'  matiaitemont  attitude  of  some  aircraft  prime  contractors  respecting 
simulator  data  is  reflected  l>y  the  assignment  to  the  data  supply  job  of  anvt)ne 
wlio  is  available  rather  tlian  only  one  who  is  qualified  (in  one  case  it  was 
treated  as  i niece  of  ACE).  This  attitude  also  results  in  keeping  the 
simulator  engineers  at  arm's  length  from  the  aircraft  (or  any  major  subsystem) 
I'ugimers  and  is  the  major  problem  in  obtaining  the  basic  calculated  data  to 
tile  sc^me  lev’.  : of  accuracy  as  the  prime  contractor  has  it.  The  major  missing 
data  coma  rii;'.  ground  handling  and  ground  effects.  Tn  general  the  prime  c^n- 
contracCor  dot's  not  itave  tlie  required  data. 

Kligi'.t  test  (or  eouivalent  level  system  tests,'  covering  the  breadth  of 
itt'ms  the  sim.uiator  manufacturer  needs  Itas  not  been  available  to  the  simulator 
contraetors  n tone  to  tie  o!  use  in  the  design  and  preliminary  cheeki'ut  of 
the  .s  ir'.'!  1 a 1 1)  I . 

'Ll.’  exeessivt  nnmher  of  malfunct  iotis  included  and  the  ir.sistenci  I'n 
per  ■■'o  rm.  i n.g  i:,  ahnornal  operation  will'  tlie  same  aeeuracy  as  in  norr,..‘ 
operation  i-’  a maior  (tost  prt'blem.  llt'w  tar  to  go  inti'  the  abnormal  ; light 
re);ion,  ic  ixampJe  hov  many  turns  of  a spin,  is  not  well  deiined.  'nel'isior, 
of  ;inm,i-i  .n.s  mallunctions  with  high  tidelitv  is  extremely  expensive. 

! lie  dat.:  ■(’  cel  inr  nerfi^rmance  in  emiTgenev  situations,  for  example  th«‘ 
•'c.ine  rt_'sno'  S'.'  dnrin.s',  air  st;'rts.,  is  extremely  limited.  The  requirement 
Mil  ae.maiv  o!  i esnonse  in  these  situations  is  questioned. 

!i"-;gn  .'t  tile  ' '1,-:  t rue  I i>r ' s station  is  a eempletelv  ditlerent  ball  game 
'll'”'  desi.'ning  ,i  s i"ii' Lat  or.  ’litis  gi'fs  intc'  tite  'philosophy  oi  traini'i.g,  t hi- 
task  load  o V'  .I'sdo'.yn  iielwei'ii  tin'  instrneior  and  antom.ilion  and.  .|  wholo  serie:'. 
el  oils  L'c  I'.i  ■ 'Oil.  '.ciii'li  ''list  *'!'  e.ee  iih'i!  hetola'  t i'e  s ■ 'T.i  1 a f o ''  o.ei.ig"  an  ''o 


comnv!iu't‘d.  (Jften  this  is  not  doni;,  whicli  tlion  bi'comes  a serious  simulator 
desif>i'  probicin.  Tiiu  total  data  package  must  very  definitively  pin  down  the 
design  of  the  instructor’s  station. 

The  use  of  aircraft  instruments  is  someti^'es  specified.  This  causes  a 
whole  series  of  serious  problems  from  reliability  (really  short  life)  to  the 
lack  of  internal  detailed  congruence  between  instruments  that  have  the  same 
part  number  and  are  interchangeable  in  the  aircraft.  The  reason  for  the 
problem  is  that  detailed  voltages,  etc.  have  to  be  picked  off  (or  supplied) 
to  use  the  instrument  in  a simulator,  whereas  these  voltages  are  not  used 
discretely  in  the  aircraft.  Since  interchangeability  is  not  controlled  to 
that  detailed  level  it  is  the  rule,  rather  than  the  exception,  that  when  the 
same  instrument  is  procured  from  more  than  one  source  they  will  not  be 
interchangeable  for  simulator  use. 

5.  ASSESSMENT  OF  THE  DATA  REQUIREMENTS 

All  of  the  data  requests  are  valid  and  reasonable  if  the  simulator 
manufacturer  is  to  perform  to  the  level  required  by  current  simulator 
contracts.  Since  the  data  for  all  simulators  (trainers)  of  lesser  complexity 
than  a full  mission  simulator  are  included  in  the  data  required  for  it,  the 
further  discussion  will  concentrate  on  procurement  of  that  one  complete 
data  package  from  which  all  other  data  packages  can  be  derived  as  required. 
The  remaining  surveys  and  analyses  were  conducted  accordingly. 
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SECTION  III 

DETERMINATION  OF  DATA  AVAILABILITY 
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The  data  required  by  the  simulator  manufacturers  must  be  generated  by 
the  aircraft  manufacturers,  engine  manufacturers,  vendors  to  these  contractors, 
other  Government  contractors  (GFE)  or  Government  activities.  The  data  stated 
to  be  required  by  all  the  simulator  manufactvirers  was  consistent,  therefore 
it  was  pulled  together  as  a consensus  opinion  and  a survey  of  the  possible 
sources  for  this  data  undertaken  to  determine  (1)  is  the  requested  data 
available,  (2)  if  it  is  available  what  is  the  schedule,  (3)  what  is  the 
accuracy  of  the  estimated  and  wlndtunnel  (laboratory)  based  data  relative  to 
flight  test  results,  (4)  to  whom  would  they  prefer  or  demand  to  deliver 
the  data,  and  (5)  the  answers  to  all  other  questions  raised  by  the  simulator 
manufacturers. 

1.  AIRCRAFT  MANUFACTURERS  SURVEY 

The  consolidated  data  desires  expressed  by  tlie  simulator  manufacturers 
were  arranged  bv  aircraft  subsystem  or  equivalent  and  documented  as  the 
"Aircraft  Simulator  Data  Requirements  Study — Air  Weapon  System  Pr^mc 
Contractor  Questionnaire,"  Appendix  B.  A list  of  air  weapon  system  prime  con- 
tractors was  prepared  from  the  answers  received  to  the  Aeronauti'a!  Systems 
Division's  letter  of  25  November  1975  which  has  been  discussed  previously.  The 
list  was  modified  to  ensure  that  all  required  sources  were  visited  and  that  it 
included  the  aircraft  manufacturers  wlio  had  worked  with  the  simulator 
manuf ac L nrers  on  the  projects  for  which  comments  liad  been  received.  1l  was 
also  determined  that  an  engine  man<if acturer  slumUl  be  a<ided  to  'M'e  list.  Tc.is 
resulted  in  t'u'  survey  list  shown  in  Tahle  2. 

both  the  proposed  questionnaire  .and  tire  pronosiui  composition  oi  the 
survi'S'  samnle  were  reviewi-d  with  the  I’rogram  Monitor  and  oilier  Air  Fore.- 
; epresent  at  i ves  at  a program  review  ol  l‘>  .lulv  noth  items  were 

aP|-irovi'il , .M  iOfd  i M)’,!  V ; the  slirvcv  was  muU-rt  ,is  olanmu!.  As  in  t'l.-  • .e.. 

, ) I tin-  ■ i mu  ! at  I'r  maiiii ' ai  mi  rers  , the  1 ■ - I t <0  o ! < i i t a ; . . ■ t le  ,.i  ■ 

r e f I ' i( * s M h t ! ' a * t i le  u ue  1 i oil  ■ . bt  ■ . :li SW<  rei!  an  ■ ' * 1 1*  a ■ e . ^ ■ m 'll  * • • 
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TAlil.K  1 
SURVEY  LIST 


AIRCRAFT  MANUFACTURERS 

Boeing  Commercial  Airplane  Division 


Douglas  Aircraft  Company 
General  Dynamics 

Grumman  Aerospace 
Lockheed  Georgia  Company 

McDonnell  Aircraft  Company 


B-1  avionics 
Commercial  aircraft 
EWACS 

Commercial  aircraft 

F-16 

F-111 

F-14  (also  EFUA  simulator) 

C-5A 

C-130 


Northrop  Aircraft  Division 


Vought  Corporation 


AVIONICS  ^L\l\UFACTURER 

Hughes  Aircraft  Company 


T-38 

F-5 

F-18  data  system 
International  market 

A-7D 

International  market 


Large  complex  system  (F-14)  - 
central  computer  control 
Avionics  systems  - no  computer 
control 

Individual  sensors 


ENGINE  MANUFACTURER 

General  Electric  Company 

GOVERNMENT  ACTIVITIES 

Simulator  Acquisition 

U.S.  Air  Force,  Simulator  System  Pr«)gram  Office, 
Aeronaiit ical  Systems  Division 

L'.S.  Navy,  Naval  Training  Equipment  Center 

T’est  Activities 

I’.S.  Air  Force,  Flight  Test  Center, 

Flight  i'est  Division 

U.S.  Naval  Air  Test  Center 


of  the  survey  team.  No  questionnaire  was  submitted  to  the  Government 
activities,  since  they  were  being  visited  to  obtain  guidance  and  overall 
asvsessment  rather  than  answers  to  specific  questions. 

Ail  planned  visits  were  accomplished  except  the  one  to  McDonnell 
Aircraft  Company.  They  were  unable  to  either  answer  the  questionnaire  or 
spend  a day  with  tlte  interview  team  during  the  possible  survey  period.  It 
as  considered  that  an  adequate  coverage  of  the  aircraft  primes  representing 
a wide  enough  cross  section  of  aircraft  types  was  available  in  the  remainder 
of  the  list  so  the  survey  was  conducted  as  planned  omitting  that  company. 
Excellent  cooperation  and  an  open  discussion  of  tl  problems  was  enjoyed  by 
the  interview  team  in  all  their  visits. 

2.  RESULTS  OF  AIRCRAFT  MANUFACTURER'S  SURVEY 

A. 

Ceneral  comments  concerning  the  availability  of  data  and  other  simulator 
problem  areas  are  presented  in  this  paragraph  from  the  point  of  view  oi  the 
aircraft  manufacturers.  In  later  paragraphs  the  comments  on  spec  ''ir  types 
of  data  are  submitted.  In  general  there  was  excellent  agreement  in  the 
answers  received.  Where  there  were  dissenting  opinions  in  the  answers  both 
opinions  are  reported  along  with  our  opinion  as  to  the.  basis  for  iluj  different 
any*’cr.s  if  one  could  be  discovered. 

I'ne  manufacturer  made  a statement  which  is  an  excellent  summarv  of 
wh.at  was  fow'd  to  be  tiie  unaminous  attitude  of  the  group  visited:  "Wo  do 

no'  I iVc  to  give  out  tiie  details  of  our  aircraft  tliat  are  required  tor  rlv 
:eve  I onn',.n  o!’  a simulator  hut  we  recognixe  that  this  is  .a  requirement  o'' 
d('iTu;  ''nsi''es..  so  we  gi>  along  witii  it."  fiitit  does  not  mean,  however, 

1 ivo  out  anvtiiing  tiie  simulator  manutaclurer  asks  ior  or  that  thev 
V.' i ! give  'he  ^.inu‘  level  (if  data  to  everv  manufacturer. 


\T  • u-  lit'  ; comnaii  i es  h.ive  data  reduction  and  deiaili-d  tor  t (irm.in  i 
. ! ■ i ! ’■'  . O’  1 I . u t ■ ■ ■ . , lot  I /.ami*  I I • l>a  .1  • <1 1 .ig  ' i.it  i ' >u  , v.  ’ ' i '■  ' m ■ . . > ■ > 
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on  ihoir  own  I'uiuis  a.ul  whioi>  ihoy  oonsidoi  to  ho  propr  iotnrv . 
they  will  not  >;ive  unt . They  are  port'ootly  willing  to  givi'  out  thi“  results 
of  their  calculations,  for  example  drag  data,  but  not  ilu*  details  of  how 
they  went  about  calculating  it.  In  their  opinion  tlie  simulator  manufacturer 
does  not  need  that  backup  data  anyway. 

All  companies  agreed  that  most  of  the  data  required  to  build  a simulator 
is  or  was  available  during  tlte  development  i>f  the  aircraft  hence  it  could 
have  been  supplied  with  little  or  no  additional  effort  had  it  been  ordered 
at  the  time  the  aircraft  was  ordered  into  development.  The  one  exception  is 
the  upgrading  of  aerodynamic  and  other  system  data  as  a result  of  flight 
tests.  In  all  cases  these  data  are  only  red  iced  and  put  into  coefficient  or 
similar  format  that  a simulator  could  use  if  they  concern  a contract 
guarantee  point  or  if  trouble  is  being  experienced  in  some  area.  For  example, 
lift  and  drag  data  is  vital  to  the  contract  guarantees  of  a commercial 
transport.  For  these  parameters,  the  initial  estimated  data  is  constantly 
updated  throughout  the  development  cycle  of  the  aircraft  including  flight 
tests.  Very  little  of  the  other  data  is  updated  unless  a problem  is 
encountered  and  then  only  that  data  that  bears  on  the  problem.  It  was  found 
that  the  military  aircraft  manufacturers  followed  an  identical  procedure 
except  that  the  critical  parameter  they  follow  would  vary  from  design  to 
design.  Producing  an  update  of  the  simulator  data  package  based  on  flight 
test  results  would  entail  additional  effort,  hence  costs,  in  the  weapon  system 
prime  contract.  All  contractors  are  well  equipped  to  perform  this  service 
if  requested  to  do  so  however. 

If  the  data  is  not  ordered  when  the  aircraft  is  ordered  into  develop- 
ment, the  aircraft  manufacturer  will,  in  fact  must  in  a competitive 
environment,  order  from  his  vendors  only  that  data  required  by  him  to  build 
Li\e  aircraft  and  supply  the  aircraft  data  requirements.  Similarly,  in  his 
own  engineering  viopartraenL  he  will  onlv  prepare  in  report  format  that  data 
he  needs  for  his  own  use  or  fv)r  his  iTtRl.  requirements.  Much  of  the  lower 
detail  data  does  not  become  formalized  in  the  normal  course  of  business 
.Ithough  it  was  generated  in  order  to  prepare  some  report.  This  is  often 
the  very  data  lite  simulator  manufacturer  needs  in  order  to  prepare  his 
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m.-iLhemat  leal  model.  When  the  simulator  data  package  Is  ordered  a vea.r  or 
two  later  it  is  necessary  for  the  aircraft  contractor  to  go  back  and  resurrect 
this  detail  data  and  possibly  expand  on  it,  ciiange  the  format,  etc.  Tliis 
can  be  a very  expensive  effort  due  to  personnel  changes,  disruption  of  tlie 
engineering  dep.artment , etc.  I’he  costs  may  appear,  on  the  surface,  to  be 
way  out  of  line  compared  to  the  data  delivered  and  the  point  of  view  "you 
needed  ttiis  to  build  the  airplane."  The  same  situ.ation  exists  In  all  the 
vendor  plants  with  the  added  problem  that  since  there  is  no  other  source  for 
the  data  the  sup\)iiei's  are  in  an  extremely  strong  negotiating  position  (as 
are  thi'  primes  with  respect  to  the  Covernment)  whlclt  tends  to  make  the  data 
cost  mucli  more  than  It  would  liave  in  a competitive  environment.  The  necessity 
to  de*  Ine  and  order  tiie  data  in  the  initial  aircraft  acquisition  contract 
was  very  strongly  empluis  i zed  . 

Parts  oi  the  data  package  are  the  design  details  of  various  controls, 
levers,  pedals,  panels,  etc.  that  are  in  Hie  cockpit  or  crew  station  and 
must  be  in  the  simulator.  Many  of  these  components  are  long  lead  time  iten.s. 
If  they  are  not  ordered  until  after  a simulator  contract  is  awarded  and  the 
succe.ssful  contractor  lias  iiad  time  to  digest  the  data  package  and  place  them 
on  order,  it  is  almost  assured  that  many  components  cannot  be  supp'  Led  until 
after  t!io  rc<|ulred  simulator  delivery  date.  The  suggested  solution  is  to 
order  a few  of  these  probable  simulator  items  in  the  Initial  airrra! C order 
and  have  them  scheduled  for  early  delivery.  If,  for  some  reason.  Ihev  are 
not  required  for  the  simulator,  they  can  be  cycled  back  into  production, 
delivered  as  spares  or  a combination  of  both.  The  conf  ig.urat  ion  consideration 
is  probably  of  little  or  no  concern  for  the  types  of  components  involved. 

Tlirougbout  the  survey  of  the  simulator  manufacturers  and  during  t lie 
visits  to  the  Govenment  activities  the  statement  vras  repcatedlv  hearr'  that 
aircraft  manufacturers  would  not  give  the  same  detailed  data  to  simulator 
manat actureis  who  wiTe  part  of  a ruimpet Ing  aircraft  company  as  they  would 

•’v"-'.  who  had  no  such  corpor.ate  ties.  It  was  fi'und  that  .ill  thi'  aircratl 
manufacturers  wlui  have  current  or  recent  developmiuu  progr.ams  have  a verv 
1' i ri''.  pi'sition  supporting  that  cont  imt  ion  . Tlu-v  ;ihso  1 u * e 1 v will  not  j’ive 
ilr.i)’,  and  siivil.ar  det.iilcd  data  to  .a  dirct  coitnie'  i t or  . lu  nm-  r.ase  t 'cv  ilm' 


Kive  such  data  to  a simulator  contractor  who  was  a division  of  a competing; 
corporation  but  it  was  done  only  in  consideration  of  the  fact  that  the 
divisions  were  half  a continent  apart,  that  an  ironclad  legal  agreement  to 
protect  the  data  was  executed  and  that  the  chairman  of  th  hoard  of  the 
simulator  coprcration  pledged  his  personal  assurance  that  there  would  be  no 
data  leakage.  Were  the  two  divisions  in  the  same  complex  or  within  commuting 
distance,  the  opinion  was  expressed  that  these  arrangements  would  not  have 
been  adequate  and  probably  that  the  data  would  not  have  been  supplied  under 
any  conditions.  None  of  the  companies  expressed  any  serious  concern  about 
supplying  data  to  simulator  manufacturers  who  have  no  corporate  ties  to 
aircraft  manufacturers.  All  that  is  required  in  this  case  is  the  execution 
of  an  agreement  between  the  parties  to  protect  proprietary  data.  No  cases 
of  a violation  of  such  an  agreement  were  known  to  those  being  interviewed, 
which  supported  their  opinion  that  this  procedure  would  continue  to  be  viable 
in  the  future. 

Two  companies  who  do  not  now  have  aircraft  development  contracts  nor  who 
have  any  specific  near  term  future  prospects  stated  that  they  would  have  no 
reservation  to  releasing  the  daca  to  any  simulator  manufacturer.  It  is  doubt- 
ful if  either  of  them  would  express  the  same  willingness  if  they  had  a new 
aircraft  development  contract  or  were  top  contenders  for  any  specific  near 
term  development  contract. 

Questions  were  pursued  to  determine  if  there  was  any  preference  as  to 
whether  the  data  package  was  delivered  to  the  Government  or  directly  to  the 
simulator  manufacturer.  All  respondees  expressed  a complete  willingness  to 
deliver  the  data  to  the  Government  with  the  majority  expressing  a slight 
preference  for  that  approach.  One  manufacturer  stated  that  he  would  not  deliver 
data  directly  to  a simulator  manufacturer;  rather,  he  would  insist  on  deliver- 
ing it  at  least  through  his  local  Government  representative.  The  reasoning 
behind  this  very  strong  objection  was  stated  to  be  based  on  a proper  business 
relationship  with  the  WS  customer  and  possible  legal  involvement  should  the 
package  be  delivered  direct  to  the  simulator  manufacturer  and  later  prove  to 
be  defective.  The  business  relationship  portion  of  the  position  is  clearly 
evident.  It  would  appear  that  terms  of  the  contract  under  which  the  data 
were  procured  rather  than  the  method  of  delivery  would  govern  responsibility 
for  accuracy. 
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All  till.'  pt'ople  surveyed  were  in  agreemeni"  r>n  the  desirability  of 
putting  a simulator  data  requirement  soec  i f Icat  ion  in  the  WS  c.ontraci,  and 
scheduling  l!ie  delivery  of  data  with  aircraft  development  milestones.  Ihey 
all  also  piMuted  out  that  direct  engineer  to  engineer  contacts  would  be 
required  in  addition  to  the  host  possible  data  package  in  order  to  transmit 
adequate  guidance  to  enable  the  simulat<'r  engineer  to  understand  and  use  the 
data.  Tliey  also  all  expressed  the  opinion  that  they  could  be  of  considerabli- 
service  to  the  simulator  development  by  having  their  engineers  and  pilots 
review  the  imul  .at  ion  as  an  e.arly  p.art  of  the  debugging  and.  trimming  effort, 
prior  to  the  start  of  acceptance  testing.  They  also  agree  that  having  a 
properly  qualified  simulator  engineer  on-site  in  tiicir  plant  is  a great  aid 
in  getting  the  data  interface  off  to  a good  start,  at  least  the  first  two 
or  three  months  of  the  program. 

All  acnt.icts  w«M‘e  in  agreement  that  the  desire  to  have  a simulator 
on-site  at  the  operating  squadron's  location  and  in  operation  before  the 
first  production  aircraft  arrived  requires  ordering  the  simulator  b’‘fore 
final  data  has  been  determined  for  the  aircraft.  ’'his  remiires  a sdIo  i i ot: 
of  fi  complete  initial  datti  pack;i.ge  based  on  the  best  dat.i  available  at  th" 
time,  usually  wine'  tunnel  verified  aerodynamic  and  per •’ormance  da  . , 
calculated  dat.a  for  systems  and  detailed  conf ignrat ion  'ayouts  and.  'ollow 
this  wit’.i  updates  as  required.  No  problem  is  envisioned  in  keeping  the  d.ita 
p.iekage  current  with  engineering  changes  that  are  released  against  t.ie 
aircraft  if  a good  procedure  is  established  .at  the  start  of  the  program 
maintained.  It  was  pointed  out  that  this  mu.st  continue  throughout  the  servii 
life  of  the  aircraft.  There  was  considerable  difference  of  opinion  as  to 
v'hat  was  t'ne  best  system.  In  general  the  primes  did  not  want  to  aic.ept  the 
responsibility  for  de'erraining  whether  a given  change  did  or  did  not  a.tf(.'i 
the  Simula*  or  because  they  did  not  have  the  ri'qui ’'ed  detailed  knowledge  a.*-- 
to  how  the  simulator  manufacttirer  had  utilized  the  various  d-at.a  iler:‘;  ■■aippllt 
in  his  design.  'I'hev  would  pre' -.'r  t".’  check  .a  block,  "simulator  po^cuhlv 
affecied,"  and  li.ivo  llu'  r.overnmeiil  or  .simulator  manufacturer  (h'ten’inc 
wlietluM"  oi-  not  till'  sifimlalor  is  affeclr'd. 
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(1)  Data  Aci  iiracv 


Till-  .siil)ji-ct  of  till'  ai  fiirat'y  ol  tin-  various  l'/P<-s  ol  ilaia  ili-vi' 1 o|U'il  .t 
>>roup  ol  ronsisli-nl  >'i-ni-ral  answers  anti  a wide  variation  of  iletailed  <jiiant  i t at  i '/e 
estimates  as  did  a discussion  of  tiie  data  aceurai-y  requirement. 

In  ftenerai  it  was  agreed  that  for  many  parameters  data  derived  from 
flight  test  (or  equivalent  systems  full  scale  tests;  are  required  for 
simulators.  For  many  other  parameters  the  estimated  data  should  be  accurate 
enough.  It  was  also  pointed  out  that  the  ‘‘i/ght  test  da^ra  is  not  as  accurate 
as  the  fidelity  with  wiiicii  simulator  specx.  icet  ions  require  that  the  data  be 
matched,  tiierefore  the  very  tight  simulator  specifications  are  a waste  of 
money . 

The  question  of  setting  the  simulator  toler.ance  to  at  least  the  variation 
of  the  various  parameters  over  a production  lot  of  aircraft  was  not  opposed; 
however,  it  was  repeatedly  pointed  out  mat  these  tolerances  would  have  to 
be  merely  estimates  since  to  obtain  measured  <lata  would  require  instrumenting 
and  testing  a considerable  number  of  aircraft.  This  expense  could  nevei  be 
justified  since  regardless  of  how  perfect  the  data  package  ;md  the  riecifica- 
tion  may  be  it  will  still  be  necessary  to  make  final  trimming  adjustments 
based  on  "flight"  tests  of  the  simui.itor. 

Some  companies  expressed  '.he  opinion  th.it  liue  In  the  limitations  tii;U 
must  be  placed  on  simulators  it  is  doubled  if  .i  "full  mission  simulator"  is 
a realizable  objective.  The  reasoning  was  t'-  :uii-quate  flight  fidelitv, 
cues,  etc.  could  only  be  generated  for  ;i  small  portion  of  the  mission,  for 
example  air-to-ground  weapon  delivery,  with  other  "p.irt  task  iraimrs"  to 
cover  other  portions  of  the  mission  t h.at  are  suitable  fur  synthesis.  iTu- 
reasonin',  was  that  the  .idded  computer  capacity  to  In  aiile  to  do  .-ill  of  tiu-si' 
in  any  one  simulator  was  unrealistically  expen.sive  nonce  excessive  compromises 
would  be  required. 

The  estim.'iLes  oi  tlu-  accurai'v  of  variiuis  tvpes  of  data,  com;iari'd  to 
fliglit  test  data,  which  were  received  are  presented  below. 
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Aerodynamic  and  P‘?rformance  Data 

For  the  basic  airplane  there  is  no  problem  anticipated  in  supplying  the 
derivatives,  coefficients,  maximum  values  and  other  handling  and  performance 
data  requested  based  on  estimated  or  wind  tunnel  supported  data.  This  sliould 
be  a combination  of  curves  and  tabulated  data.  (loing  to  all  tabulated  data 
is  possible  but  not  recommended  due  to  the  volume  of  the  data  and  the  difficulty 
in  communicating  all  the  necessary  background  to  understand  that  data.  There 
is  a problem  in  delivering  an  explanation  of  tiie  motliodology  by  which  certain 
of  the  data  were  derived  or  massaged  and  this  background  will  not  be  given  to 
the  simulator  manufacturer  as  previously  discussed.  Also,  as  previously 
pointed  out,  most  of  these  data  are  not  updated  as  a result  of  flight  test. 

Such  updating  will  result  in  additional,  though  minimal,  costs  if  the  require- 
ment is  included  in  the  basic  aircraft  development  contract. 

Some  of  the  external  store  data  requested,  the  incremental  effects  of 
dropping  one  item  at  a time,  presents  a considerable  problem.  Due  to  the 
sheer  magnitude  of  the  numbers  of  combinations,  aircraft  are  designed  and 
tested  with  standard  configurations  of  external  stores.  Incremental  effects 
are  not  tested  either  in  the  wind  tunnel  or  in  flight  test.  Obtaining  this 
data  based  on  other  tlian  theoretical  estimates  would  be  an  extremely  time- 
consuming  and  expensive  process  and  is  therefore  not  recommended.  Estimated 
data  of  ttie  effects  on  flying  qualities  of  the  standard  configurations  can 
be  updated  by  wind  tunnel  and  flight  test  data. 

D.  System  Data 

There  is  no  problem  anticipated  in  supplying  the  required  data  on  all 
the  aircraft's  basic  systems.  The  tactical  systems  in  the  newer  aircraft 
present  a unique  problem. 

In  the  newer  high  performance  types  the  various  sensors,  controls  and 
displays  talk  to  eacli  other  through  an  onboard  digital  computer  and  in  many 
cases  the  transmission  is  multiplexed  onto  a single  circuit.  Tliere  is  no 
way  to  simulate  this  system  without  building  a functional  equivalent  with 
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s imulal  ioiis  oi  t’u>  -ii'nsors  to  stimulate  the  central  Processor  f compiit  i t ) . 

The  fligh.t  'la'uware  may  as  well  be  used. 

How  tills  system  respouds  to  certain  inputs  is  controlled  bv  tactical 
tapes  wbieb  are  <,'hanc,ed  from  time  to  time  in  the  service  aircraft  and  in 
reality  recon'i^ture  tin  aircraft.  .'lr>ce  these  tape  programs  are  cpiite  time 
consumins  to  prepare  and  debun,  it  is  essential  that  the  simulator  usi-  t’le 
tactical  tapes.  Tiie  manii' act  urer  then  has  tliree  choices  as  to  how  to  go  in 
selecting,  till'  simulator's  "onboard"  computer,  i.e.,  use  the  one  in  the  ain-raft 
emulate  the  airi'ralt's  computer  or  attempt  to  simulati-  the  entire  system  on  a 
iteneral  purpose  machine.  The  aircraft  manufacturers  estimate  that  us'np;  the 
.ictual  i:omputer  is  2 to  1 less  costlv  than  emulation  (rc>n-f  1 ip.ht  qualified 
equtvaienl  luasiware)  and  orders  of  magnitude  less  costlv  than  the  y.eiu’r.i  I 
purpose  hardware  approach. 

If  use  of  the  onboard  computer  is  specified  then  the  tlata  requirements 
reduce  to  a.  p'.ivsical  and  wiring  schematii'  of  ail  controls,  indicators  ami 
•lisp.iavs,  co'oies  oi  the  tactical  tapes  applieable  to  the  tail  number  of  the 
alrcrait  iieiii,;,  simulated  and  transfer  fuiii-tions  to  determine  the  dynamic 
inputs  the  variinis  sensors  will  make  to  the  comput«‘r  in  resnonst'  to  . ommands 
from  the  t-.o;’:puter,  ex'ernal  simulus  or  malfunctions. 

'■lat  bomat  it  1 1 moilcls  that  describe  the  outp'.it  of  the  various  sensors  are 
weil  under. -,lo('d  .'ind  can  be  readily  obtained,  from  the  sense"  manuf  ,ac  * un»r  s . 

They  coult!  lie  optimised  for  simulation  appl  ic.at  ion  (prim.arilv  p rogn.ummi  np,) 

.and  probably  st  .tnd.'ird  izetl  so  that  little  new  effort  will  be  reciuired  for 
siKu'essive  .p'pl  ic.-it  iiins. 

AM  of  this  system  d.ata  will  initially  be  estim.ates  b.ised  on  the 
o;ieo  i ! i c.it  ' op  "•■rt  t'rmance  of  the  sev-r;il  compo-unts  pronorl'.-  r.imh  j u-.' . 'ihi 
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test  reports  I rom  tests  sui  li  os  tile  "liot  nuu  kiip." 
contain  everything  tlie  simulator  manutacturer  ne*  ;s  i.nU  will  he  sujiplied. 

Supplyinj;  the  visual  and  aural  recortlin>>s  sliould  pri-sent  no  problem. 

Some  preliminary  visual  recordings  could  be  made,  displays,  etc.,  utilizing 
the  "hot  mockup."  The  really  useful  data  can  only  result  from  fliglit  tests 
and  can  be  obtained  at  any  Lime  after  the  first  lew  flights  of  the  fully 
equipped  tactical  airplane. 

(1)  Vendor  Data 

Much  of  the  required  subsystem  data  will  bo  developed  by  vendors  of  the 
aircraft  prime  contractor.  A number  of  the  details  of  these  items  usually 
have  been  developed  by  the  vendor  on  his  own  ! unds  and  probably  will  not  be 
divulged.  There  la  no  problem  anticipated  in  obtaining  functionally 
•=-'lui valent  data  however. 

Fr<  cime  to  time  the  simulator  raanufacture**  will  desire  to  go  directly 
to  tlie  vendor  for  information.  Ail  of  the  aircraft  primes  (with  one 
exception)  object  (some  rather  strongly)  to  this  procedure.  They  want  the 
simulator  manufacturer  to  come  to  them  with  the  data  (or  conference)  require- 
ment and  let  them  make  any  necessary  meeting  arrangements.  Of  course  if 
proprietary  data  becomes  Involved  there  probably  will  have  to  be  an  agreement 
executed  between  the  simulator  manufacturer  and  the  vendor  to  provide  for  the 
protectir  of  - ■ data. 

(2)  Propulsion  Data 

As  for  all  t systems,  very  detailed  engineering  reports  are  prepared 

on  the  propulsi^  .-.ystem  and  supplemented  as  later  test  data  becomes 
available.  These  would  satisfy  all  of  the  simulator  manufacturer's  requests 
except  for  a math  model  of  the  engine  and  its  various  subsections.  Tlie 
aircraft  manufacturer  has  no  requirement  for  such  data  and  suggests  it  be 
obtained  directly  from  the  engine  manufacturer. 
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Thero  was  no  roliu-lance  disoovered  concerning  the  supply  of  math  models 
of  engines  on  ttie  pail  ot  engine  manufacturers.  In  fact,  a very  detailed 
matli  model  is  supplied  to  the  Government  for  each  new  engine  design.  The 
problem  with,  these  models  is  that  they  account  for  so  many  variables  that  the 
simulator  manufacturer  cannot  afford  the  computer  capacity  they  require  nor 
the  computation  time.  Nearly  all  the  past  efforts  with  simulator  manufacturers 
have  been  devoted  to  accuracy  versus  computer  requirements  trade-offs  to 
produce  an  acceptable  compromise.  Several  companies  expressed  the  opinion 
that  a simplified  and  possibly  standard  engine  model  should  be  developed. 

The  model  could  provide  for  the  adjustments  the  various  inst.allations  would 
require. 

E . F 1 i g i 1 'Ve  s t Jla  t a 

Aircra* l are  instrumented  and  tests  conducted  to  extend  the  flight 
envelope  to  its  full  specification  value  and  to  obtain  the  demonstration 
points  data  required  by  the  contract.  In  general  very  little  data  is  taken 
in  the  middle  of  the  flight  envelope.  It  would  be.  a simple  matter  to  record 
data  In  this  area  if  it  is  ordered. 

There  are  two  approaches  to  obtaining  the  required  aerodynamic  data 
from  flight  tests.  The  first  is  to  perform  classical  flight  test  maneuvers 
(control  pulses  for  example)  at  the  various  points  throughout  the  envelope. 

'.’he  second  is  to  apply  special  algorithms  to  the  reduction  of  other  currently 
required  flight  test  data  to  derive  the  desired  coefficients.  Neither  approach 
requires  any  .significant  increase  in  the  current  flight  test  data  acquisition 
effort.  An  increase  in  the  flight  test  data  reduction  efforts  needed  for  the 
basic  aircraft  would  be  necessary,  Itowever,  the  total  aircraft  plus  simulator 
data  costs  should  be  decreased  by  routinely  reducing  the  flight  test  data  to 
update,  estimated  ac-rodynamic  and  performance  coefficients. 


F. 


Data  Avallahtllty  Schedule 


As  previously  pointed  out  it  was  assumed  that  in  most  cases  it  would  be 
necessary  to  supply  an  initial  data  package  then  institute  a procedure  for 
keeping  the  data  package  current  with  the  aircraft  as  the  data  is  developed. 

If  the  initial  package  is  delivered  too  soon  the  recipient  will  be  swamped 
with  detailed  changes  as  the  aircraft  is  developed.  For  a new  development 
aircraft  it  is  considered  to  be  undesirable  to  deliver  the  initial  package 
until  after  completion  of  the  critical  design  review  and  mock  up  inspection 
milestones.  These  will  be  completed  normally  between  50-60  percent  of  the 
elapsed  time  from  go-ahead  to  first  flight  or  from  15  to  18  months  into  the 
program.  This  package  will  contain  data  based  on  wind  tunnel  tests  with  some 
system  bench  test  data,  however,  most  of  the  systems  data  will  be  estimated 
data.  The  configuration,  cockpit  arrangement  and  similar  data  in  this 
package  can  be  formally  released  drawings  and  supplemented  with  photographs  of 
the  crew  stations,  instrument  panel,  side  panels  and  similar  essential 
details . 

Although  the  simulator  manufacturer  should  be  kept  informed  of  all 
configuration,  layout,  indicator  and  similar  changes  as  they  occur,  the  first 
update  of  the  data  package  should  be  submitted  at  the  release  of  the  aircraft 
for  first  flight,  27  to  30  months  after  contract  go  ahead.  This  package  may 
have  minor  refinements  of  the  aerodynamic  and  performance  data.  Primarily 
it  will  contain  all  the  engineering  reports  of  the  tests  of  all  the  aircraft 
and  avionics  systems  individually  and  as  integrated  into  the  "hot  mockup" 
and  the  preliminary  tactical  tape  used  in  the  tests.  It  will  represent  the 
best  system  data  that  will  generally  be  obtained. 

The  last  data  package  should  consist  of  aerodynamic,  performance, 
propulsion,  visual  and  aural  recordings  and  other  final  system  data  based  on 
flight  test  results.  This  package  should  al.so  contain  a copy  of  the  tactical 
tape  to  be  used  during  the  acceptance  testing  period.  The  availability  of 
this  data  package  revision  except  for  aerodynamic  and  performance  data  can 
be  delivered  between  50  and  60  percent  of  the  elasped  span  of  the  flight 
test  program,  6-9  month.*-  after  start  of  flight  tests  or  for  the  typical 
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SUCTION  IV 

SIKVKV  i)K  COVKKNMt-NV  AC^ViTIKS 

1.  ACgL’isiTiox  ACTivmus 

The  Unitod  States  Air  Foree,  Aeronautieal  Systems  Division,  situul.tior 
Program  Utiico  and  the  Naval  Training  Kquipment  Center,  lirlando,  Fii>rida, 
were  visited  to  receive  tneir  assessment  of  the  situation  and  their  guidance. 

The  information  untained  from  both  of  liiese  activities  is  in  complete 
agreement  and  is  summari2ed  in  this  paragraph. 

Although  both  activities  nave  for  some  time  been  masing  the  acquisition 
of  the  aircraft  data  package  tlte  responsibility  of  the  simulator  manufacturer, 
the  results  have  not  been  entirely  satisfactory.  In  view  of  the  increased 
emphasis  being  place  on  training  and  maintenance  of  readiness  through 
simulation  it  is  believed  titat  the  (iovernment  should  assume  the  responsibility 
for  obtaining  the  data  package  required  for  the  development  of  a simulator. 

To  this  end  they  consider  tiie  development  of  a proper  data  speci f ’ cation  to 
be  incorporated  in  future  aircraft  acquisition  contracts  to  be  a vital  first 
step.  Trends  in  simulator  development  were  inquired  into  so  that  the  data 
requirements  could  be  developed  to  be  compatible  with  the  future  needs. 

This  developed  the  guidance  that  the  study  should  address  the  requirements 
for  a current  full  mission  simulator  which  would  produce  a specification 
which  would  yield  a data  package  adequate  for  any  of  the  foreseeable  future 
needs.  Full  cooperation  with  the  study  effort  was  pledged  and  received 
throughout  the  study. 

2.  FLIGHT  TEST  ACTIVITIES 

Visits  were  made  to  the  United  States  Air  Force,  Air  Force  Systems 
Conunand,  Flight  Test  Center  at  Edwards  AFB,  California,  and  to  the  United 
States  Navy,  Naval  Air  Test  Center,  Patuxent  River,  Maryland,  to  obtain 
information  as  to  what  data  normally  will  be  available  during  flight  tests, 
what  additional  data  could  be  made  available  relatively  easily  and  to  discuss 
their  experiences  in  trying  to  obtain  adequate  fidelity  in  flight  simulators. 
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i;>c  ii'  ■^a'K.i'  a I'll!  cr»n ) 'accr  i nii  simulation  at  each  new  aircraft  umliTpointt 
ilutiit  test  and  rcilii.-e  aerodvnam i c parameters  ami  performance  characteristics 
ilurin>;  the  i oc.'se  o'  I lie  fllRht  test.  Thev  are  now  In  a pcsition  where  they 
helU'Vi'  th.-ii  thev  c;in  nroiluce  a I'omplete  set  of  flvinR  qualities  parameters 
from  f 'i^ht  test  li.ita  as  well  as  a map  of  per f orm.-ince  i. diaracteri st  [cs  within 
five  montas  after  t 'ae  start  of  the  Air  Vorce/contractor  flight  test  prop.ram. 
"liis  coi’Ii'  ''c  iloi'c  without  delay  of  the  normal  flight  test  propram  if 
intepr.i'cii  i !\c  fLvlnp  qualities  tests  currently  retjuired.  If  not 

Lntepratevl  ' hest'  data  can  normally  be  obtained  in  three  flights  with  six 
fllplits  as  ’.lu'  maximum.  Changing  the  flying  qualitie.s  specification  to 
include  the  derivatives  would  save  considerable  time  since  the  required 
tests  would  extend  the  flight  test  data  acquisition  time  very  little  (about 
25  seconds  after  trimming). 

In  woriiing  wltli  simulators  In  the  past  it  has  been  found  thaf  in  many 
cases  the  poor  performance  of  a simulator  gets  blamed  on  the  aerodynamic 
data  when  the  culprit  really  is  the.  inertia  and  weight  data  (calculated  data 
is  often  in  error  as  much  at  T0%)  or  an  inadequate  representation  of  the 
equations  of  motion  in  the  simulator. 

In  order  to  check  out  a simulator  for  acceptance  an  expanded  step  by 
step  procedure  as  pre.sented  herein  Is  recommended.  Basically  it  consists 
of  ensuring  that  the  math  model  correctly  describes  the  aircraft  and  then 
determining  that  the  simulation  accurately  reproduces  the  math  model.  Much 
oi'  this  effort  can  and  should  be  performed  at  various  times  throughout  the 
simulator  ('evelopment  cycle  leading  up  to  formal  acceptance  testing,  reailv 
formal  demonstration  of  a simulator  that  has  already  been  determined  to  be 
acceptable . 

l-'igurc  4 is  a block  diagram  of  the  suggested  checkoutout  procedure. 
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E^jUATlONS  OF  MOTION.  Tho  performance  of  the  simulator  In  reproducing 
handling  qualities  and  performance  is  determined,  I'his  is  done  by 
comparing  the  time  history  response  to  specific  standard  inputs  generated 
by  the  simulator  with  those  generated  by  a fully  verified  digital 
program.  The  programs  utilired  by  AFFTC  to  accomplish  these  tests  are 
aval-  )le  to  Government  simulator  activities  on  request. 

2.  AERODYNAMIC  DATA  (SIMULATOR) . Aerodynamic  data  must  be  smoothed  and  the 
correctness  of  the  data  actually  programmed  into  the  computer  must  be 
verified.  As  a minimum  generate  set  of  plots  from  the  simulation  cards 
or  tape  to  check  for  keypunch  errors. 

3.  FLIGHT  CONTROL  SYSTEM  (SIMULATOR).  Some  of  the  basic  aerodynamic  checks 
discussed  should  be  made  with  the  fllglit  control  system  turned  off, 
even  if  that  is  not  possible  in  flight.  The  FCS  must  pass  both  static 
and  dynamic  tests.  End  to  end  static  checks  to  verify  system  gains, 
forces  and  displacements  are  straightforward.  Dynamic  checks  of  a digital 
system  are  more  difficult.  Comparing  time  histories  generated  by  the 
simulator  with  those  of  a verified  program  is  a possibility  for  making 
this  check. 

The  above  steps  should  verify  that  the  simulator  with  its  math  model  can 

reproduce  the  aircraft  if  proper  inputs  are  provided. 

4.  AERODYNAMICS  DATA  (AIRCRAFT) . It  is  essential  to  have  the  proper  deriva- 
tives programmed  in  the  computer.  Accomplisiiing  this  by  pilot  testing 
and  adjustment  is  not  entirely  satisfactory.  Every  attempt  should  be 
made  to  procure  flight  measured  derivatives  for  programming  the  simulator. 

5.  FLIGHT  CONTROL  SYSTEM  (AIRCRAFT) . Schematics  with  components  and  their 
transfer  functions  have  not  proven  to  be  accurate  enough  for  simulator 
use.  The  end  to  end  transfer  function  of  the  actual  aircraft  hardware 
should  be  measured  and  programmed  into  the  simulator. 

6.  WEIGHT  AND  BALANCE.  It  is  highly  desirable  to  measure  the  various 
inertias  of  the  aircraft,  particularly  in  roll,  as  well  as  determine 
other  weight  and  balance  data  by  full  scale  aircraft  tests  since  cal- 
culated data  has  proven  to  be  insufficiently  accurate  for  good 
simulation  performance. 


Figure  4.  BIock  Diagram  of  Suggested  Checkout  Procedure 


(1)  "Time  Compression' 


A plienomenon  of  "time  compression"  has  been  observed  by  AFFTC  which 
could  have  a very  significant  impact  on  simulator  design. 

It  has  been  observed  that  when  faced  witii  a time  critical  heavy  task 
load,  a pilot  can  accomplish  a greater  number  of  tasks  in  a simulator  in  a 
given  span  of  time  than  he  can  in  the  actual  aircraft.  The  difference 
between  the  two  performances  varies  with  the  severity  of  the  task  loading, 
(the  heavier  tlie  load  the  greater  the  difference)  and  has  been  observed  to 
be  as  high  as  40  percent.  ft  was  found,  for  example,  that  pilots  wtio  could 
regularly  complete  all  the  tasks  on  a flight  card,  for  a tightly  time 
constrained  test  such  as  a lifting  body  drop,  in  the  simulator  would  only 
be  able  to  complete  60  percent  of  the  card  in  actual  flight.  The  same 
phenomenon  was  found  in  RPV  drop  tests  when  comparing  the  performance  duritig 
practice  in  the  simulator  with  results  obtained  wlien  controlling  the  actual 
drops. 

[f  this  phenomenon  exists  generally  then  some  account  oi  it  wj 11  have 
to  be  taken  in  training  simulators  when  very  time  demanding  evolutions,  sucii 
as  low  altitude  target  conversion  and  weapon  delivery,  are  involved.  AFFTC 
does  not  have  enougli  data  to  make  this  determination  at  this  time. 

B.  Naval  Air  Test  Center 


Ttic  simulator  problems  observed  by  NATO  engineers  were  stated  to  be  the 
result  of: 

1.  Inaccura.e  or  incomplete  data  supplied  to  tlic  simulator 
contract  or . 

2.  Mistakes  in  interpreting  and  implementing  the  data  supiilied. 

1.  Timing  problems  with  t:.e  simulator  response  (most  pronounced 

with  a visual  system  .and  tends  tt)  cause  pilot  induced 
osc  n lotions)  . 

4.  (ionlrejl  forcej  system  inaccuracies  (im))re>per  ie->el)  . 


These  design  problems  are  supplemented  by  errors  introduced  due  to 
improper  maintenance  and  can  result  in  gross  flight  system  errors. 

Corrections  to  these  problems  will  be  pursued  by  supplying  the  simulator 
manufacturer  with  the  necessary  NATC  published  and  unpublished  test  reports 
supplemented  with  flight  test  engineer  and  test  pilot  support  throughout  the 
program. 

The  Navy  has  a number  of  Navy  preliminary  evaluations  during  the  testing 
of  an  aircraft  and  before  it  is  delivered  for  formal  Navy  flight  tests.  It 
Is  planned  to  follow  the  same  procedure  with  simulators  to  help  spot  flaws 
early  in  the  development  program.  A team  of  flight  test  engineers  and  test 
pilots  would  conduct  a series  of  NPEs  scheduling  the  first  as  soon  as  the 
simulator  was  flyable.  The  purpose  of  these  would  be  to  help  the  manufacturer 
define  his  problems  and  the  preferred  solutions.  The  formal  acceptance 
testing  will  therefore  become  a demonstration  program. 

The  need  for  a periodic  certification  of  simulators  in  service  was 
strongly  pointed  out.  Some  routine  method  and  requirement  for  performing 
this  needs  to  be  established.  Perhaps  adding  simulator  fidelity  to  a unit's 
annual  operational  readiness  inspection  would  be  an  adequate  requirement. 

A source  of  qualified  test  pilots  and  flight  test  engineers  to  aid  the 
commands  and  perform  the  inspections  is  also  necessary.  Probably  the 
Service  Flight  Test  Centers  are  the  best  sources  for  this  assistance.  NATC 
has,  at  the  request  of  user  commands,  performed  required  modifications  to 
simulators  in  the  field  to  improve  fidelity  with  excellent  results.  From 
time  to  time  it  was  necessary  to  determine  some  data  in  the  actual  aircraft 
to  supplement  the  flight  tesc  data  that  in  some  cases  was  several  years  old. 
Simple,  hand  held  instrumentation  has  been  found  to  be  adequate  to  accomplish 
this . 
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SECTION  V 


DISCUSSION  AND  RECOMMENDATIONS 
1.  DATA  ACQUISITION  SYSTEM 

This  study  indicates  that  the  data  required  for  the  development  of 
simulators  can  be  supplied  on  time  and  at  minimum  cost  if  the  data  is 
ordered  in  the  initial  aircraft  contract,  and  the  Government  Flight  Test 
Facilities  are  utilized  to  assist  in  the  process.  The  initial  package 
should  be  scheduled  for  delivery  after  CDR  (the  later  the  better)  with 
provision  made  for  updating  it  as  better  data  becomes  available.  The  supply 
oi  simulator  data  must  be  emphasized  in  the  contract  and  by  the  Aircraft  SPO 
in  order  t<j  .nake  any  system  work. 

It  is  recommended  that  the  simulator  data  package  procured  from  the 
aircraft  prime  contractor  be  comprehensive  enough  to  support  development  of 
a full  mission  simulator  unless  a positive  determination  can  be  made  that  no 
such  simulator  will  ever  be  developed  during  the  life  of  the  aircraft. 

Data  packages  can  be  defined  from  this  master  package  and  duplicates  provided 
to  support  simulators  and  trainers  of  less  complexity. 

The  precedence  order  of  the  various  classes  of  data  is  data  derived  from 
the  following: 

Aerodvnami cs 

1.  Flight  tests 

2.  Wind  tunnel  ttsts 
'Theoretical  estimations 

l’ro£u1  si  (Ml 

1 . FI  ight  test  ■; 

1.  Test  d.uta  in  installation  mt>ck  up 

..  Bare  test  stand  data 

It.  Theoretical  estim.ations 

(^rew _st.it  ions 

1.  Formally  released  drawings  supplemented  by  photographs  of 
act  'ia!  .li  t cr.il  t 

2.  ’’rcl  in  inarv  drawings  supplemented  hv  photographs  of  mock  up.-,. 


Aircraft  systems 


1. 

Flight  tests  (timing) 

2. 

Hot  bench  mock  up  (transfer 

functions) 

3. 

Component  tests 

4. 

Theroetical  estimations 

Avionics 

systems 

1. 

Flight  test  (video  and  audio 

recordings) 

2. 

Hot  bench  mock  up 

3. 

Component  tests 

4. 

Theoretical  estimations 

Ground  operation 

1. 

Taxi  tests 

2. 

Components  tests 

3. 

Theoretical  estimations 

Weight, 

balance,  and  inertias 

1. 

Tests  of  actual  aircraft 

2. 

Theoretical  estimations 

It  is  recommended  that  the  initial  da^a  package  consist  of  the  highest 
precedent  data  available  when  it  is  submitted.  The  aircraft  prime  contractors 
data  requirements  will  not»  however,  be  completed  until  all  classes  of  data 
ordered  from  him  are  based  on  information  of  precedence  number  1. 

The  aircraft  manufacturer  can  supply  all  the  data  needed  except  for 
Government  furnished  equipment.  it  is  necessary  for  the  Government  to  obtain 
the  required  data  from  their  GFE  suppliers  in  those  procurement  documents. 

The  aircraft  manufacturer  will  have  to  describe  any  modifications  to  tlie  GIE 
or  modifications  to  its  performance  caused  by  his  installation  (for  example 
engine  installation  loses)  as  part  of  i.is  package. 

An  alternative  to  the  aircraft  manufacturer  for  the  supply  of  flight 
test  derived  handling  qualities  derivatives  and  performance  parameters  exists 
in  the  Government  Flight  Test  Centers.  It  is  desirable  for  them  to  prepare 
an  engineering  simulation  of  each  major  flight  test  project  regardless  of 
simulator  requirements.  The  question  then  is  whether  or  not  to  have  them  or 
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till'  aircraft  ron  t rac  lor  responsible  for  deriving  liandllng  quality  derivatives 
and  per f'l'rr'.ani'e  parameters  based  on  flight  test  results.  Since  the  (iovern- 
ment  Fligh'.  f'est  activity  will  work  with  every  new  airciaft  and  an  aircraft 
manufacturer  only  with  his  own  designs,  it  is  logical  to  assume  that  greater 
■earning  and  advancement  in  the  techniques  would  result  from  requiring  that 
th.ese  data  lie  supplied  on  every  new  design  by  the  Government  Flight  Test 
activity  conducting  tlieaircraft  tests,  it  would  a 1 sc>  appear  to  be  in  the  best 
interest  of  the  program  to  scliedule  the  acquisition  of  the  flight  test  d.ata 
required  for  simulators  early  in  the  flight  test  program.  This  would  permit 
t'ne  training  equipment  to  be  in  place  to  support  the  arrival  of  the  first 
aircraft  to  the  first  operational  user. 

Ihe  '.lo  vcr!iment  Fligfit  Test  activity  is  in  an  excellent  position  to  assist 
the  simulator  manufacturer  in  the  early  debugging  of  the  simulator  bv  tfie 
supply  of  a flight  lest  engineer  and  qu.ilified  test  pilot  to  perform  infc'rmai 
assistance  eva  1 uat  i cvis . I'liis  would  supplement,  and  in  general  come  later  in 
tlie  program  than,  the  assistancre  the  simulator  manufacturer  would  procure 
from  the  aircraft  prime  by  direct  contract. 

It  Is  rei'.ommended  that  AFFTC  be  tasked  to  perform  the  required  data 
reductions,  simulations  and  validations  and  perform  the  update  of  the  data 
package  with  flight  test  derived  handling  quality  derivates  and  performance 
parameters.  To  avoid  duplication  the  aircraft  prime  would  not  b“  tasked  to 
update  these  fum:tions  beyond  data  based  on  wind  tunnel  results. 

Tt  is  recommended  that  the  Governmenc  have  the  initial  data  package 
d'  ! ivered  to  them,  as  well  as  all  updates,  by  the  aircraft  prime  contractor. 
T'ue  prime  cunt  r.ic  lor  should  deliver,  as  part  of  the  data  package,  an  accession 
Msl  of  the  data  in  the  package  and  of  supporting  data,  including  unpublished 
data,  they  nav  have  to  augment  it.  This  list  should  bo  updated  with  each 
data  u)Kiate. 

It  is  fnrtfier  recommended  that  the  Government  announce  the  Intended 
simulatiir  prociircmenf  in  Ifu'  Gommerce  Husiness  D.aily  well  in  advan' i‘  of  tlic 
KKI’.  Kaili  rcspondi'C  to  this  annoiin< cmonl  wfio  h.-is  been  ';clcrtcd  to  reiujvi 


aO 


liMtM. 


RFl’  slunilJ  bo  notitioj  of  i ho  iiv.i  i labi  1 i tv  of  t iu‘  data  paoka^o  for 
roview  prior  to  tho  roloaso  of  tho  RFP,  ftiven  a copy  of  the  aooossion  list, 
O'.  rmt'd  that  tlio  data  package  will  be  delivered  to  the  winning 

o Lra  :tor.  They  should  also  be  informed  that  each  will  have  to  obtain  any 
additional  data  or  technical  support  he  requires  direct  from  tlie  prime 
contractor  and  the  proposal  will  require  evidence  of  an  agreement  with  the 
prime  contractor  for  the  protection  of  proprietary  data  and  the  supply  of  the 
desired  additional  data. 

After  the  simulator  manufacturer  is  selected  the  data  package  should 
continue  to  be  updated  for  higher  precedence  data,  or  for  any  changes, 
until  the  simulator  is  delivered. 

I t is  recommended  that  the  simulator  SPO  be  included  in  the  review  of 
all  procurement  contracts  for  GFE  or  replacement  stock  items  that  have 
indicators,  displays  or  controls  located  at  crew  stations  in  order  to  ensure 
that  adequate  simulator  data  requirements  are  included  in  the  procurement 
package. 

The  final  data  system  recommendation  is  that  the  simulator  data  package 
and  the  acquisition  of  flight  test  data  for  the  derivation  of  handling 
qualities  and  performance  simulator  inputs  be  placed  at  a high  enough 
priority  to  ensure  compliance  so  that  the  aircraft  and  training  equipment 
can  both  be  delivered  to  the  user  commands  on  schedule.  A concurrency  plan 
to  prohibit  the  aircraft  from  moving  to  the  next  milestone  (for  example 
prohibit  the  acceptance  of  an  aircraft)  until  the  simulator  data  package 
is  delivered  is  recommended  to  achieve  schedule  compliance. 

2.  PROCUREMENT  OF  PARTS 

It  is  recommended  tliat  the  aircraft  prime  contractor  prepare  a list  of 
long  lead  time  crew  station  detailed  parts,  controls  and  furnishings 
normally  required  to  be  in  a simulator  and  that  enough  of  these  be  placed  on 
order  and  scheduled  for  delivery  early  in  the  aircraft  production  contract 
to  cover  the  first  year  of  simulator  production.  These  parts  must  be  to 


51 


I 

r , 

f ' 

f 

r 

1 


the  configuration  applicable  to  the  specific  tail  number  airplane  being 
simulated  of  course.  This  will  suppi>rt  the  simulator  lead  time  so  that  a 
"buy"  decision  for  these  parts  is  practical.  The  terms  of  purchase  should 
provide  for  phasing  these  parts  back  into  the  production  line  if  not  required 
for  delivery  to  the  simulator  manufacturer  by  a specific  date. 


SECTION  VI 

RECOMMENDATIONS  FOR  FURTHER  STUDY 


The  information  reported  by  the  Air  Foree  Flit^ht  Test  Center  concerning 
"time  compression"  is  of  ; L.: ' ■ ^i.'cern  to  tlie  design  of  some  part  task  and 
all  tactical  full  mission  simul  itors.  It  is  recommended  that  a study  be 
undertaken  to  define  JiilS  problem  so  that  simulators  can  be  developed  to 
accommodate  it. 

It  is  recommended  that  mission  analyses, which  will  cut  across  the  ISD 
efforts  of  the  various  commands  and  address  the  total  training  mission  of 
the  Air  Force  as  well  as  the  various  commands,  be  undertaken  to  determine 
training  requirements,  and  synthesize  instructional  systems  to  provide 
optimal  service-wide  solutions  to  these  requirements.  This  will  define  the 
family  of  training  devices  required,  including  the  required  performance  of 
each  type.  Simulator  specifications  could  then  be  confidently  based  on  this 
foundation. 

It  is  recommended  that  a study  of  commonality  of  subsystems  of  simulators 
be  undertaken.  The  instructor's  station  is  a function  of  training  objective 
rather  than  simulator  design  and  lends  itself  to  a standard  modular  design 
approach.  Simulation  of  sensors  to  provide  the  input  to  an  onboard  computer 
is  another  area  in  which  it  appears  that  commonality  could  be  achieved. 

It  is  recommended  that  further  studies  of  the  accuracy  of  simulation 
required  to  achieve  the  phased  training  objectives  of  the  user  commands  be 
undertaken.  These  should  be  cost  versus  performance  trade-off  design  studies. 
Major  questions  having  a very  large  potential  impact  on  data  requirements  and 
simulator  cost  involve  accuracy  of  replication  of  the  aircraft  characteristics 
as  related  to  the  flight  envelope  of  the  aircraft,  motion  base  requirements 
and  visual  subsystem  requirements. 

It  is  recommended  that  a study  be  undertaken  of  the  reasons  why  previous 
simulators  have  not  been  utilized  to  a greater  portion  of  their  capability. 

The  study  should  not  only  define  the  reasons  for  low  utilization  but  develop 
recommended  corrections  to  the  objections  and  also  develop  an  educational 
and  motivational  program  to  be  conducted  in  the  user  commands  to  motivate 
the  instructors,  line  pilots  and  commanders  in  the  employment  of  simulators. 
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A study  of  tlu-  various  approaches  to  ensure  continued  fidelity  of 
simulators  in  tiie  field  is  recommended.  This  study  should  involve*  t ■ user 
commands  and  Ai'i.C  and  result  in  a standard  scheduled  procedure  to  be 
implemented  to  accomplish  tliis  vital  function. 

A study  of  cost  versus  effectiveness  of  simulator  maintenance  methods 
is  recommended.  The  results  of  this  study  may  impact  data  requirement  and 
could  define  additional  technical  training  requirements. 


ai’I'i;ni)ix  a 


AlKCKAl'  l'  SIMUl,A'l'Ol<  MXNUKACTUKKKS  t.HiKS  r I ONNA  1 KK 

I’he  purpose  of  this  questionnaire  is  to  gather  information  concerning 
aircraft  simulator  data  requirements  to  be  used  in  a study  having  the 
objective  of  devising  better  ways  to  satisfy  those  requirements.  The  design 
data  required,  its  accuracy,  format  and  schedule,  is  the  information  desired. 
Also  desired  is  your  experience  on  past  contracts  in  obtaining  the  required 
data  and  how  any  problems  were  solved.  Experiences  where  no  problems  were 
encountered  in  obtaining  data  are  equally  important. 

Since  it  is  considered  that  your  data  requirements  will  vary  considerably 
(even  for  the  same  type  of  data)  for  the  various  classes  of  simulators,  this 
questionnaire  requests  that  answers  be  broken  down  into  a section  for  each  of 
the  three  basic  classes:  full  mission,  flight,  and  part  task  trainers. 

One  of  the  study  objectives  is  to  make  appropriate  recommendations  for 
improvements  in  the  acquisition  cycle.  This  is  why  the  questionnaire  starts 
wi  h pre-proposal  activity  and  carries  on  through  the  full  material  life  cycle. 
Any  recommendations  for  acquisition  process  improvements  are  welcomed.  This 
is  also  why  the  scheduling  of  data  requirements  in  elasped  time  is  stressed 
and  why  your  estimates  of  the  optimal  elapsed  time  for  the  several  phases 
of  the  simulator  development  cycle  have  been  requested. 

For  purposes  of  this  analysis  the  simulator  acquisition  process  lias 
been  broken  down  into  phases  and  tasks  as  shown  below,  and  the  questionnaire 
organized  accordingly. 


ACQUISITION  PROCESS 
PiLXSES 


CONCEPTUAL 

DEVELOPMENT 

PRODUCTION 

OPERATIONAI. 

PHASE  i 

PHASE 

PHASE 

PHASE 

( i i 
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.inswiT  !i'llnwin>;  <|Uest  it>ns  ti'!  i-.ii-'-  ’ vvi“  of  sinul.itor  with 

whii''>  s-i'-.i  '.u'  i •”r . ’’K-aso  So  oaniiid.  Vo'r  iorro*''<  will  tiot  h-  ' 

• i'  vi'Mv  romp.i  'v  ■ r.  anv  roi'ori  . IMoa^^o  fi.ivo  votir  ri-sooti^ii'  oronari'ii  bv  iho  t inn- 
of  arriva'  o'  ; bf  iiiiio'v ' ew  t oam  or  witiiln  two  wooks  i>f  root‘ir>t,  whitfiovor  is 

oar  1 ; . 


«-TL!.  MISSION  SIMULATOR 

Rloaso  answer  the  tollowirK  general  questions  for  eac-h  phase/f  uni-t  ional 
area  as  applioable. 

Vhat  data  do  voii  need,  what  format  (coef f icients,  etc.)  and  on  wliat 
sc’iedu  le rt.ii*  ;u'ouraov  is  required.’  Is  il>i.s  data  generated  by  ainratt 
manufaeturors  finoluding  flight  lost'  to  tiiis  arcuraov  for  I'ther  requirement 
or  is  it  uni'iue  to  simulatt'r  requirements.'  U the  dat.i  vou  require  is  not 
.ivail.thle  on  tlie  sei>ed',ile  vou  Itave  speei'  ied.  would  it  be  possible  ti'  •atiil/e 
d.ita  of  less  aei'urai'v  (other  foniiat ' now  if  the  fu' I aeeurai-v  data  were  made 
available  later.’  I'  so,  please  define  the  interim  data  (for  exampK-. 
em', i noef ing  es’imatis  v:  flight  test  data)  and  the  revised  schedule  tor  reci  i u 

of  tb.,-  'nil  ■•oquirement  . 

W'nai  has  been  vour  experience  in  obtaining  the  data  of  the  lyres  defi.Tr  d 
in  .-fsrorse  to  t iie  .ibove  question?  Has  it  been  readily  available,  required 
extraction,  or  not  recorded  at  all?  How  many  meetings,  over  what  period  o-' 
time,  .'nd  abotit  how  trucii  expense  was  involved  In  obtaining  the  required  data.' 

What,  in  vour  opinion,  is  the  basic  cause  of  anv  problems  encountered 

W'b.U  irnact  iias  data  availability  h,ad  on  the  qual'tv  I'f  proposals  or 
■ !u-  nev  f o f”..  noe  , d^'liverv  or  cost  simulators.’ 

;n  VOU'  I'xpt  r i once , wb.il  hav«*  been  llie  maior  criticisms  v-t  simulators 
,is  ri'.ilistir  su'ist  i t nt I’s  lor  actual  ! I igltt  training  .and  wh.it  'lata  would 
lo'iuiroO  'o  ovot  o'-ie  I ii.->,o  1 in  i I at  ions  or  o!>  iec  t ' ons 


The  followinj;  topical  outline  Ls  submitted  wltli  the  revjuest 
answers  be  arranged  accordingly  as  an  aid  to  collation  in  a later 
the  study. 

PRE-PROPOSAL  TASK  - CONCEPTUAL  PHASE 
Mission  considerations 
Scenario 
Profiles 
Tactics 

Weapon  system  considerations 
Performance 
Crew  station  layout 
Armamen  t 
Avionics 

Simulation  or  training  objectives 

PROPOSAI.  TASK  - CONCEPTUAL  PHASE 
Mission  definition 
Profiles 
Targets 
Threats 
Tactics 

Weapons  system  definition 
Armament 
Avionics 

Crew  stations  layout  anf  furnishing 
Crewmember  task  loadings 

Aircraft  abd  oiwer  okabt  oerfirnabce  data 
Simulator  requirements 
Aural  simulations 
Crew  stations 

Displays  and  operable  equipment 
Environment 

Flight  envelope  and  maneuvers 
Scanning  area 
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that  your 
task  of 


Itist rut'tor  stations  - emernenolos 

Mission  phasos  (T.O.,  crulso,  search,  weapon  delivery,  etc.) 

Mission  situations  (threats,  targets,  etc.) 

Mo  t i on 
Power  plant 
Visual  subsystem 

tenc sj)(^c l^lji_cji t_ion^  a_nd__s tjindards 
Source  of  detailed  data  for  use  after  award 

SOURCE  SELECTION  TASK  - CONCEPTUAL  PHASE 

It  is  assumed  that  there  are  no  manufacturer  technical  data  requirements 
during  this  tovornment-conducted  task. 

ALL  TASKS  - m'VEI.OPMEN  T PHASE 

Clean  airplane — steady  state,  accelerated  flight,  full  envelope, 
boundai ; effects. 

Change  in  nerformance  (flying  qualities)  with  CG  shift,  p'-'S-'  weigh 
flap  position,  sl.at  position,  gear  cxter.sit'n,  speed  brake 
position,  buffet,  Macb  no. 

Kfiects  of  altitude 

Eftects  ot  external  stores 

Effect^;  when  exceeding  flight  envelopes 

Maneuvering  eifects,  flight  controls,  t'Ugine  performance,  etc. 

Stall  and  post-stall  effects 
Av  ion  ics 

Ar:nament  monitor  and  control 
(L  inniun  i c;j  t ions 
Electronic  warfare 
tii'ining 

■ lien'  i ; i ca?  ion 
I n tc '•common  i cat  i ons 
Nevigat ion 
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U'l'aron  1 \ v^'Tw 


Cr»‘W  slat  inns 

Controls,  monitors,  insirnmoius,  display  and  wurnlnj;  (rant  ion) 
indii-ators. 

ni'iaili'd  lavoiit  , I nrnisliin>',s  and  ad  1 us tmont  s 

Kioi  tii>n  svslom 

F.nvlronmenta  I ronirol  systom 

Li  to  support  systom 

Li^lu  ing 

Aural  onv i ror.mont  duo  to  vibration,  wind,  system  operations, 
power  plant,  brakes,  touchdown,  alarms,  etc. 

Electrical  system 
Bus  lo^ic 

Cockpit  controls  and  indicators 
Emergencies 
Flight  controls 

AKCS  operation 

ta)ntrol  loading  and  tool  throughout  envelope — various  configurations — 
normal  and  emergency  systems. 

Control  loading  beyond  envelope  and  all  abnormalities 
Power  plant 
Trim  system 
Flaps  and  slats 
.Arresting  gear 
Landing  gear 
Speed  brakes 
Fuel  system 

Cockpit  controls  and  indicators 
In-flight  refuel  procedures 
Internal  transfer  procedures 
F.mergenc  ies 
Cround  handl ing 
Brakes 

Nose  wheel  (or  other)  steering 

Motion  due  to  ta.xiway  roughness  (pitching) 


- ■ *- 


Hy d^r au  1 1 c sy (and  pn euma t tc  sys tern) 

Controls  and  indicators 
Load /demand  character is t i cs 
Pump-accumulator  performance 
Emergency  procedures 
In  s_t_r  u_c  t 

Communication  with  student,  tactical  simulation,  tutorial 
emergencies,  instrument  readings,  mission  situation. 
Monitors  of  crew  performance — hard  copy 
M iss  i_ons 

(laming  area — size — features — dynamics 

Tactics 

iargets 

Threats 

Weapons  and  we.apon  delivery  modes 
Motion 

Reciui  rements 

pgtformance  and  controls 
Before  start 
Engine  start 

Ground  operations,  response,  fuel  consumption 
Plight  operations,  response,  thrust,  fuel  consumption, 
teniTjerature , altitude  and  maneuver  effects 
Emergenc i es 
Visual^  ^stejn 

Coll Imatlon 
FUV 

Light  conditions 
Resolution 
Scene  content 
Weather  effects 
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KABRl  CATION  AND  OUAUTY  i'KST  TASK  - DKVKCOi'MKKT  I'llASK 


What  are  the  problems  with  acceptanee  test  proetjclures? 

Is  the  AC  performance  data  to  which  tlie  simulator  is  compared  in  these 
tests  available  on  time? 

PRODUCTION  AND  OPERATIONAL  PHASES 

What  are  the  problems  in  keeping  the  simulator  configuration  current 
with  the  aircraft  configuration? 

FLIGHT  TRAINERS 

Use  the  same  qeustions  and  acquisition  cycle  phase  breakdown  as  before 
and  arrange  answers  using  the  applicable  portions  of  the  outline  presented 
for  the  full  mission  simulator.  Identify  the  type  of  flight  simulators 
(instrument  training,  operational  procedure,  etc.)  for  which  your  answers 
are  intended. 


PART  TASK  TRAINERS 

Pick  a cockpit  ptjcedure,  navigation,  electronic  warfare  or  other  PTT 
with  which  you  have  had  experience  and  answer  the  same  questions  using 
applicable  portions  of  the  full  mission  simulator  outline  as  before.  If  your 
answers  are  applicable  to  more  than  one  type,  please  so  state.  If  you  feel 
that  more  than  one  answer  is  required  to  present  the  experiences  you  have 
had,  please  submit  as  many  replies  as  you  desire. 
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APPKNDIX  B 

AIRCR/\n'  SIMULATOR  DATA  RRQC I REMKNTS  STUDY  - AIR  WEAPON 
SYSTEM  PRIME  CONTRACTOR  QUESTIONNAIRE 

The  puriMiso  of  this  quest lonnairo  is  to  determine  the  availability  of 
the  data  th;it  simulator  contrai tors  need  to  develop  simulators  that  duplicate 
tile  instrument  indications,  control  forces,  etc.  of  the  actual  aircraft 
within  tolerances  acceptable  for  production  units  of  that  aircraft. 

Since  it  is  not  practical  to  dictate  the  point  in  the  development  cycle 
of  the  aircr-ift  where  the  simulator  contract  will  be  let,  it  is  necessary  to 
providi'  tor  I iu  varicuis  possibilities  wliich  will  range  from  overlapping 
development  of  tlie  simulator  and  the  Weapon  System  to  procurement  of  a 
simulator  fo''  ;in  out-of-production  aircraft.  Accordingly,  information  is 
desired  concerning  data  in  various  levels  of  maturity,  i.e.,  flight  test  (or 
equivalent  system  tests),  wind  tunnel  (or  equ.ivalent  system  mock  up),  and 
italculated  (estimated)  data. 

AERODYN/VMIC  UAi'A 


Taking  I'light  test  results  as  the  baseline,  what  does  your  experience 
indicate  as  the  accuracy  of  aerodynamic  coefficients  and  other  param  tors 
uerived  from  wind  tunnel  data?  Krom  calculated  data? 

When  ctjuld  a complete  set  of  aerodyn.amic  coefficients  based  on  estimated 
(calculated)  values  and  tlie  functions  showing  tlie  dependence  betweer  app  1 i cc.bl  c 
coc  U i (■  i cn  t - hi'  supplied?  Months  alter  aware  of  contr.act  for  cngin.'c’- ir.c’ 
devclopmecTt  .a  ’ ’ghter  siu'h  as  the  E- 1 S . 

When  Cl). lid  this  sar.i'  package  bi-  made  available*  based  on  wiju'  tunnel 

da  t a? 


When  cmild  it  be-  m.ich'  availahli'  if  base-d  on  flight  tc-t  nsults; 


Do  you  object  to  supplying  any  of  these  data  to  simulator  manufacturers 
who  do  not  manufacture  aircraft?  To  those  who  do?  if  so,  what  alternates  do 
you  suggest? 

AIRCRAFT  SYSTEMS  - electrical,  environmental  control,  hydraulic,  pneumatic, 

life  support,  warning,  etc. 

For  each  system  it  is  desired  to  have  a description  of  the  system  with  a 
functional  block  diagram  along  with  schematics.  The  location  and  function  of 
all  circuit  breakers  (or  other  protection  devices),  switches,  controls  and 
indicators  are  needed.  The  normal  readings  of  all  instruments  are  needed  as 
well  as  the  variations  of  these  readings  to  be  expected  with  the  operation  of 
a connected  load,  shut  down  of  a pump  or  otlier  normal  operation,  malfunction 
or  abnormal  system  condition.  If  applicable  to  the  system,  load  analyses 
are  required  as  well  as  the  changes  in  system  operation,  if  any,  with  airspeed, 
altitude,  engine  rpm  or  other  functions. 

When  could  the  above  data  be  supplied  based  on  calculated  (estimated) 
data?  When  based  on  operating  mock  up  test  data?  When  based  on  flight  test 
data? 


Do  you  have  an  alternate  data  package  to  suggest? 

AIRCRAFT  INSTRUMENTS 

A description  of  tiie  instrument  power  supply  systems  and  which  instru- 
ments are  lost  as  alternate  power  supplies  are  selected.  What  instrument 
malfunction  indications  have  been  provided?  A drawing  allowing  the  layout  of 
the  instrument  panel  and  panel  lighting  which  is  keyed  to  a list  of  suppliers 
and  part  numbers  of  all  the  cockpit  instruments  and  indicators  being  employed 
is  required.  Details  of  any  modifications  to  standard  instruments,  such  as 
inactivating  one  servo  of  a multi-indication  indicator,  are  required  as  well 
as  schematic  wiring  diagrams. 


hi 


Wlion  couUi  an  initial  data  package  bo  supplied?  How  would  you  suggest 
keeping  it  current  for  a given  tail  number  of  aircraft? 

AV ION’ I CK  - arnamont  control  and  release  system,  communication,  navigation, 
sensors,  defensive  systems,  and  c>nboard  computers 

Iriitially  a system  description  including  functional  block  diagrams  with 
all  equipment  nomenclatures  is  required.  This  will  liavo  to  be  expanded  to 
include  sctiematics  o!  the  system  and  the  transfer  function  including 
schematics  and  logic  of  each  item  of  equipment.  If  this  is  not  releasable 
for  a lew  items  of  equipment,  such  as  EK  equipments  which  contain  computational 
capability,  functionally  equivalent  data,  appropriately  so  noted,  ma.v  be 
supplied.  il  an  onboard  computer  is  used  eitl\er  centrally  or  as  part  of  a 
subsystem,  the  details  of  the  computer  '■.nd  the  programs  included  will  be 
required . 


Details,  of  an  avionics  systems'  controls,  indicators,  outputs  and  displays 
will  be  required,  if  an  output  is  an  audible  signal  a high  fidelity  recording 
of  the  signi'  is  desired.  If  tlio  output  is  a display,  photographs  of  typical 
outputs  app ropr iate J V annotated  are  required.  At  a later  date  a ' roperly 
narrated  flight  video  tape  of  tlie  equipments’  display  is  highly  desirable  for 
systems  (sucli  as  sensors)  that  liave  a dynamic  video  display. 

It  is  necessary  that  tlio  data  cover  abnormal  as  well  as  normal  operation. 
What  does  a poorly  adjusted  scone  look  like  for  example?  What  is  thf?  effect  of 
actuating  switches  in  an  Improper  sequence?  What  are  the  most  liki’ly  failures 
and  what  is  the  evitience  of  such  failure  apparent  to  the  flight  crew? 

Wlien  could  an  initial  data  package  (estimated  data)  with  sketches 
instead  o:  photographs)  and  a final  pack.age  be  supplied? 

Would  vou  cU-ar  a simulator  contr.aclor  lor  visits  to  vour  vom'.ors  to 
ili'lails  ol  i-quipments  being,  di-vt-loped  tor  \ou? 


di't  en^i  i no 


I'l.KillT  (lON'l'KOI,  SYSTl'iM  - autopilots,  automatic  sl.ai>i  1 i /at  ion  systems,  datiipi'rs, 

surface  control  systems,  cockpit  controls  ami  tirtificial 
fuel  systems 

A iescription  of  the  systems  supported  by  lunclional  (signal)  flow 
diagrams,  schematics,  and  transfer  functions  will  be  required.  Movements  of 
controls  as  well  as  applied  torques  must  be  capable  of  being  related  to  the 
deflections  of  appropriate  surfaces  under  all  normal  conditions  within  and 
slightly  beyond  the  full  flight  envelope  of  the  aircraft.  The  effects  on 
these  functions  when  in  an  abnormal  mode  (one  generator  out  for  example)  is 
required.  All  indicator  readings  are  needed  for  both  normal  and  abnormal 
operation.  What  are  the  backup  modes  and  how  does  the  crew  bring  them  into 
use?  What  happends  if  the  procedure  to  deploy  units  is  incorrect,  for  example 
throws  switches  in  the  wrong  sequence? 

When  could  this  data  package  by  supplied  based  on  calculated  data?  When 
if  based  on  flight  test  data? 

Are  there  any  data  items  in  these  systems  which  you  would  be  reluctant 
to  supply  to  another  company? 

PROPULSION  SYSTEM  - engine  and  its  auxiliaries,  fuel  system,  oil  system 

Engine  (turbojet  engines,  tu.’"bofan  engines).  Data  to  permit  a complete 
analog  of  the  performance  of  the  engine  including  ground  start,  taxi,  takeoff, 
the  entire  speed-altitude  regime  of  the  aircraft,  and  air  starts  for  both 
normal  and  abnormal  (standby  systems  only)  operating  conditions.  These  data 
must  be  sucli  as  to  correctly  time  relate  the  location  of  the  power  lever  to 
tije  indication  of  all  instruments,  the  fuel  flow  and  the  performance  of  the 
aircraft  for  standard  conditions,  and  data  for  correcting  these  figures  for 
nonstandard  conditions,  over  tlie  full  operating  range  t)f  the  engine  and 
aircraft.  The  data  for  correcting  lest  stand  data  to  installed  performance 
data  is  also  required. 


bi 


The  readings  of  alJ  instruments  with  their  appropriate  lags  and  dynamics 
to  control  movement  or  actuation  is  needed. 

When  could  estimated  data  be  supplied?  When  could  it  be  based  on  mock-up 
test  stand  running?  When  based  on  flight  tests? 

When  could  a high  fidelity  recording,  properly  narrated,  of  the  engine 
sounds  at  the  crew  stations  be  supplied? 

Is  there  any  of  this  data  that  you  would  not  desire  to  deliver  to  another 
manufacturer? 

FUEL  SYSTEM 

Fuel  tankage,  a functional  diagram  of  how  the  system  works,  and  fuel 
management  requirements  are  needed.  All  pumps,  indicators,  switches,  etc.  must 
be  spelled  out  and  the  readings  of  all  indicators  as  a function  of  switch 
position  and  fuel  demand  is  required  for  both  the  primary  and  emergency  fuel 
systems.  in-flight  refueling  controls  and  operation  should  be  included. 

\^en  could  the  fuel  system  data  package  be  supplied  if  based  on 
estimated  data?  On  flight  test  data? 

OIL  SYSTEM 

Description  of  the  system  and  system  management  along  with  the  indicator 
readings  as  a function  of  engine  operation  and  other  variables  is  needed. 

When  could  this  data  package  he  supplied? 
f’ERt'ORMYNCE 


A deser  i pi  uitt  of  ilio  maximum  per  formaiu’e  envoli>pe  of  the  nircr.art  in 
li'rms  of  airspeed  (limits  lor  each  configuration),  M.acli  no.,  accelerations 
aiui  rates  ol  cliiiih  or  aive,  altitude,  ;ini>,le  ol  at  t aek  .and  angle  o(  sideslip 
is  ri'qui  red  .ilonj’,  with  ,i  staleiiRiU  o*  llie  r,iiij>e  o!  tlie  ;ipp  ropi  i .a  I '•  v.alnes. 
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A description  of  boundary  conditions  such  as  buffet  boundary,  stall  warning, 
stall  and  spin  entry  are  also  required  for  the  clean  configuration  and  with 
various  external  stores  attached. 

When  could  calculated  data  be  supplied?  When  could  the  applicable 
portions  of  the  data  be  available  from  flight  tests. 

PHYSICAL  DATA  AND  CONFIGURATIONS 


Dimensional  data  of  the  cockpit  section  forward  to  the  nose  of  the 
aircraft  is  required.  Drawings  to  the  lowest  level  are  needed  for  the  cockpit 
area.  Profiles  with  pilots  eye  locations  are  required.  Cockpit  photographs 
would  be  helpful.  The  part  number  and  supplier  of  each  panel  and  it' m in  the 
cockpit  (ejection  seat,  instrument  panel,  etc.)  is  desired.  In  addition  to 
drawings,  full  scale  loft  lines  including  the  windshields  and  canopies  is 
desired. 

Dimensional  kinematic  diagrams  and  kinematic  equations  of  the  flight 
control  system  is  required  including  special  flight  systems  such  as  tab Is, 
bob  weights,  dampers,  etc. 

Moments  of  inertia  of  the  aircraft  about  each  axis  and  dimensional  data 
of  mavable  masses  (external  stores)  to  permit  calculation  of  moments  of 
interia  in  any  configuration. 

Gross  weight  and  center  of  gravity  data  and  design  limits. 

V-N  diagrams  for  all  the  design  conditions  of  flight. 

Rates  and  limits  of  movement  of  tabs  and  controls. 


Maximum  design  values  of  rates  of  pitch,  yaw,  normal  acceleration  and 
longitudinal  acceleration  (both  in  flight  and  on  the  ground)  are  required. 
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When  in  the  development  cycle  of  a new  airplane  can  this  data  package 
be  supplied  if  baaed  on  estimated  data?  When  if  based  on  flight  test  or 
other  Cull  scale  operational  test  data? 

Is  there  any  of  this  data  that  you  would  not  give  to  a simulator  manu- 
facturer who  did  not  manufacture  aircraft?  Would  there  be.  if  he  did  compete 
in  the  military  aircraft  market? 

DATA  FORMAT 


It  is  important  that  all  data  be  properly  annotated  as  to  the  conditions 
under  which  it  was  taken,  the  method  of  recording,  the  analysis  and  reduction 
methods  applied,  and  the  methods  used  for  calculation  and  estimation  for 
estimated  data.  Curves  which  are  not  supported  by  the  tabular  data  from  which 
they  were  drawn  are  generally  not  accurate  enough  for  the  simulator  final  data 
package. 

For  all  data  it  is  desired  to  have  an  estimate  of  the  range  of  values 
over  which  it  is  expected  these,  data  items  will  range  due  to  variations  in 
production  aircraft,  measurement  techniques.  c.Lc. 

Although  much  of  the  required  dar.i  has  not  existed  in  formal  reports 
experience  has  shown  tliat  nearly  all  data  that  is  required  for  the  initial 
package  exists  in  the  form  of  engineering  working  papers,  engineering  in  house 
reports,  engineering  memoranda  and  similar  working  level  informal  documentation. 
These  documents,  properly  annotated,  would  be  very  useful  for  the  Initial 
data  packa.ge. 


Having  supplied  an  initial  data  package  it  is  necessary  to  keep  it 
cvirrent  ns  better  data  becomes  available  or  changes  are  made  which  effect  the 
particular  serial  number  aircraft  selected  as  the  baseline  for  simulatio!'., 
throughout  tlie  service  life  of  the  .aircraft.  Direct  engineer  to  engineer 
conferences,  supply  uf  all  dr.awing  mods  and  supply  of  all  pertinent  KCP's 
to  the  simulator  manufacturer  have  proven  to  be  effective. 


Do  you  object  to  supplying  any  of  the  data  or  participating  in  any  of 
the  conferences  outlined  above?  If  so,  what  is  your  recommended  alternative? 

Would  you  prefer  to  supply  the  data  to  the  Government  pursuant  to  a CDRL 
item  as  opposed  to  delivering  it  direct  to  a selected  simulator  manufacturer 
on  notification  by  the  Government  contracting  officer?  How  about  data  from 
your  subcontractors? 

Assuming  that  it  is  determined  that  an  on-site  representative  is  required, 
would  you  prefer  to  have  a representative  of  the  simulator  manufacturer  on-site 
in  your  plant  or  send  one  of  your  well  qualified  engineers  to  be  on-site  in 
the  simulator's  manufacturer's  facility  for  the  purpose  of  engineer  to  engineer 
consultation  and  gathering  additional  understanding  of  the  subsystems  of  the 
air  weapon  systems? 

SUMMARY 

The  above  covers  the  types  of  data  which  the  simulator  manufacturers 
have  indicated  they  need  to  design  and  build  an  adequate  aircraft  simulator, 
this,  of  course,  would  be  detailed  were  it  to  be  put  into  a specification. 

If  you  have  alternate  suggestions  please  be  assured  that  they  are  earnestly 
solicited. 
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